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"CONSTANT  IMPROVEMENT"  IS  THE  KEYNOTE  OF  AMPERTTE 
ENGINEERING  ACnVlTY,  WE  BELIEVE  THAT  ONLY  THE 
HIGHEST  IN  QUALTTY  IS  DESIRED  BY  BROADCASTING  STU¬ 
DIOS.  THAT  IS  WHY  THE  AMPERTTE  VELOCITY  HAS  BEEN 
BUILT  UP  TO  THE  POINT  WHERE  IT  IS  THE  FINEST 
MICROPHONE  AVAILABLE  TODAY.  REGARDLESS  OF  PRICE. 
-  -  SEE  FREE  TRIAL  OFFER  BELOW. 


Again,  Amp>erite  demonstrates  leadership  by  being  the  first  to  use 
the  Ring-Core  (the  ideal)  Transformer  commercially.  The  Amperite 
SR-80  Velocity  incorporates  this  superior  transformer.  Its  low  dis¬ 
tributed  capacity  decreases  the  high  frequency  attenuation  to  on 
absolute  minimum,  resulting  in  more  brilliant  reproduction.  Induc¬ 
tive  pickup  is  reduced  to  absolute  minimum  .  .  .  NEW  INPUT 
TRANSFORMER,  ring-core  type,  also  available  to  studios.  Second¬ 
ary  impedance  250,0(X)  ohms. 


ondory).  Hand-hammered  ribbon  not  af¬ 
fected  by  even  a  40-mile  gale.  Available 
also  in  High  Impedance  Model  SR-80H 
which  operates  directly  into  grid  of  tube. 
New  design  permits  running  V*"  coble 
up  to  125  feet.  LIST  PRICE  (SR-80  or 
SR-80H)  $80.00.  CaU  Utter  Plate.  List  $5.00. 


Adjustable  in  any  direction.  Noiseless  action  permits  noiseless 
adjustment  whUe  operating.  Adjustable  counterweight  and  fric¬ 
tion  clutch  provide  smooth  and  easy  operation;  The  Boom  can 
be  lowered  or  raised  by  mere  pressiue  of  the  hand,  without 
requiring  any  locking  devices.  Microphone  height  can  be  varied 
from  36"  to  96".  Ungth  of  boom  arm.  28".  (Other  lengths  obtomed 
upon  request  at  slight  extra  charge.  LIST  PRICE.  $50.00. 
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THIS  IS  THE  HOUSE 


our  good  friends 
helped  us  build 


s 


m 


Young  in  years  but  old  in  experience — describes 
briefly  the  business  that  has  been  built  up  around 
our  service. 

The  fact  that  there  is  no  substitute  for  experience — 
that  when  a  certain  class  of  work  can  be  done  better 
by  one  concern  than  another — that  in  doing  this 
class  of  work  a  definite  service  is  rendered — are  some 
of  the  reasons  for  the  phenomenal  growth  of  the 
Superior  Tube  Company. 


IJPERIOR  TURK 

September  1936  —  ELECT 


2 


ELECTRONICS 


SEITEMBER 

1936 


KEITH  HENNEV 
Editor 


ol 


Crosstalk 


►  WHOOI’S  FOR  METAL  TUBES  .  .  . 
A  nationally  known  tube  company  in 
its  annual  report  to  its  stock  holders 
states  with  pleasant  candor:  “The  op¬ 
erations  of  the  Corporation  and  its  sub¬ 
sidiary  companies  resulted  in  a  net  loss 
of  $90,434.17,  the  grreater  part  of  which 
was  due  to  the  development  and  sale  of 
metal  tubes,  a  situation  made  neces¬ 
sary  by  competitive  conditions.” 

It  would  be  extremely  interesting  and 
illuminating  to  get  similar  figures  from 
the  industry  at  large.  No  portion  of 
the  radio  industry  has  experienced  such 
financial  discouragement  as  the  makers 
of  the  tubes  upon  which  that  entire 
industry  depends. 


►TUBE  LIFE  .  .  .  The  following 

letter  from  C.  O.  E'airchild,  Director  of 
Research,  C.  J.  Tagliabue  Mfg.  Com¬ 
pany,  Brooklyn,  tells  its  own  story. 

“In  Crosstalk  for  July  you  state  that 
‘the  editors  will  welcome  comments’  on 
the  subject  of  the  life  expectancy  of 
electronic  equipment.  We  would  like  to 
furnish  information  from  experience 
with  two  tubes  which  we  are  using, 
especially  because  you  have  quoted 
from  one  enthusiastic  manufacturer 
who  mentions  5,000  hours  as  a  reason¬ 
able  life.  Our  experience  so  far  indicates 
that  15,000  or  20,000  hours  would  be 
mon-  nearly  an  acceptable  rating.  Our 
company’s  pjTometers  in  which  are 
use<i  a  phototube  and  amplifying  tube 
have  been  on  the  market  only  a  little 
more  than  two  and  one-half  years  but 
a  number  of  these  instruments  have 
hwn  in  constant  use  over  20,000  hours 
with  ut  a  failure  of  the  electronic 
tubes.  In  these  two  and  one-half  years 
then  has  not  yet  been  an  electrical 
failu  e  of  any  tube  and  only  two 
mech.tnical  failures. 

“OC  course  we  have  obtained  this 
operating  the  tubes  well 
belov  their  rated  capacities.  It  ap- 
P^an-  to  the  writer  that  such  a  policy 
the  only  tenable  one  which  can  be 
pursued  in  the  use  of  electronic  devices 
for  industrial  purposes  where  reliabil¬ 


ity  is  significant.  We  may  add  as  in¬ 
teresting  items  that  the  rating  for  the 
light  source  which  we  are  using  is 
10,000  hours  and  a  primary  relay  has 
proven  its  ability  to  operate  over  100,- 
000,000  times  without  failure.” 


►PARLOR  GAME  ...  One  of  our 
engineer  friends  has  developed  a  game 
which  amuses  him  quite  a  bit.  When¬ 
ever  he  has  a  few  moments  to  spare 
he  sits  at  his  radio  and  jots  down  the 
number  of  channels  on  which  there  is 
good  reception;  the  number  on  which 
there  is  tolerable  reception  (only  par¬ 
tially  mired  up  by  other  stations),  the 
number  of  channels  on  which  there  are 
flutters  and  the  number  totally  un¬ 
usable. 

He  states  that  in  Chicago  in  the 
Spring  he  found  that  there  are  about  6 
channels  on  which  he  can  get  excellent 
service  on  a  better  than  average  re¬ 
ceiver;  in  daytime  there  are  15  chan¬ 
nels  giving  tolerable  reception.  At  7 
p.m.  there  are  about  21  tolerable  chan¬ 
nels  and  at  10  there  are  about  18.  In 
this  vicinity  and  time  of  year  there 
are  28  flutters  of  more  or  less  constant 
value. 

The  Editors  will  be  interested  in 
looking  at  the  score  card  of  any  one 
taking  a  w’hack  at  this  idle-moments 
game. 


►OSTRICHES  ...  In  a  midnight  con¬ 
fab  with  a  well  known  loud  speaker 
engineer,  not  long  ago,  the  following 
comments  came  out.  Loud  speaker 
manufacturers  have  learned  how  to 
make  speakers  with  much  greater  har¬ 
monic  distortion  than  was  possible  a 
few  years  ago.  They  can  now  take 
care  of  practically  any  demands  of  the 
set  manufacturers.  Synthetic  bass  is 
only  one  of  their  accomplishments.  Ap¬ 
parent  loudness  is  a  trick  they  have 
developed  within  three  years.  It  is 
comforting  to  note  the  progress  in  loud 
speaker  engineering. 


According  to  this  engineer  (of  course, 
we  don’t  believe  this)  it  is  not  the  pub¬ 
lic  that  decides  w'hat  the  public  wants 
but  the  sales  department  of  the  radio 
companies.  And  so  the  public  gets, 
not  high  fidelity  sets,  free  from  dis¬ 
tortion,  but  a  new’  jimcrack  with  a  new 
and  fancy  name,  red,  white  and  blue 
(or  non-metallic)  screws,  and  a  radio 
that  sounds  like  the  one  they  bought 
four  years  ago 


►DOG  D.\YS  .  .  .  August  may  be  dog 
days,  but-  -August  saw  Philco  demon¬ 
strate  the  progress  made  in  television. 
Newspaper  men  saw,  in  Bill  Grimditch’s 
home,  black  and  white  pictures  sent 
from  the  factory  70  miles  away.  Engi¬ 
neers  staged  the  first  television  popu¬ 
larity  contest,  the  Philco  quartette,  a 
one-round  bout  on  the  factory  roof,  an 
interview  with  Boake  Carter,  a  sport 
film.  All  was  very  clear,  bright,  steady, 
entertaining. 

August  saw  tugboats  in  New  York 
harbor  ordered  about  from  shore  via 
Western  Electric  radio.  Thus  tugboat 
skippers  come  under  the  visa  of  the 
FCC,  since  they  must  possess  a  Third 
Class  Radio  Telephone  operator’s 
license. 

August  saw  the  stereophonic  projec¬ 
tion  of  Dr.  Stokowski  and  an  orchestra 
of  100  players  over  a  vast  audience  by 
means  of  the  Bell  system  first  demon¬ 
strated  by  wire  in  1933  in  Philadelphia. 
ERPI  commandered  the  services  of 
Dr.  Harvey  Fletcher,  \V.  B.  Snow  and 
A.  R.  Soffel,  Bell  Laboratories  engi¬ 
neers,  to  transport  the  apparatus  to 
Hollywood  Bowl,  and  to  operate  it  as 
Dr.  Stokowski’s  condition  to  taking  the 
contract.  28,000  people  heard  the 
concert. 

August  saw  a  Dun  &  Bradstreet  re¬ 
port  that  radios  were  being  made  at  a 
faster  rate  than  at  any  other  time  in 
the  industry’s  history.  An  average 
gain  of  15  to  30  per  cent  in  volume 
(units  and  dollars)  is  estimated.  More 
auto  sets  were  made  in  the  first  half 
than  in  all  of  1935. 


By  H.  A.  RAHMEL 


C.  H.  WARRINER 


Installation  of  amplifier  equipment  at  rear  of  observation  car.  The  pre¬ 
amplifier,  with  space  for  microphones  and  accessories,  is  housed  in  the 
cabinet,  below  which  is  the  power  amplifier 


Realizing  the  ever-increasing 
importance  of  radio  and  public- 
address  services  in  the  political 
arena,'  the  Republican  National  Com¬ 
mittee  has  engaged  a  staff  of  en¬ 
gineers  and  technicians  for  the  dura¬ 
tion  of  the  Presidential  Campaign. 
Heretofore  political  organizations 
have  relied  largely  upon  standard 
facilities  afforded  by  the  radio  net¬ 
works,  local  stations,  and  local  pub¬ 
lic-address  services.  However,  radio 
has  become  of  such  tremendous  im¬ 
portance  in  campaigning  that  every 
detail  must  have  thorough  considera¬ 
tion  so  that  the  speaker’s  personality, 
as  well  as  his  words,  may  be  pro¬ 
jected  to  the  unseen  audience. 

The  acquisition  of  an  engineering 
staff  to  assume  responsibility  for 
radio  facilities  and  public-address 
services  has  resulted  in  several  dis¬ 
tinct  advantages.  In  the  first  place 


the  equipment  is  engineered  or 
“tailor-made”  for  each  function 
thereby  affording  improved  perform¬ 
ance,  greater  flexibility  and  utility, 
and  lowered  costs  through  avoiding 
duplication  of  facilities.  In  addition, 
it  results  in  rapid  delivery  and  in¬ 
stallation  of  equipment  because  a 
small  group  of  men,  abreast  of  the 
latest  developments  and  trends  and 
possessing  suitable  contacts  in  the 
industry,  may  obtain  results  more 
quickly  than  larger  organizations. 
Finally,  the  staff  of  engineers  can 
obtain  operating  efficiency  and  great¬ 
er  cooperation  with  broadcasters, 
news-reel  men,  etc.,  because  the  edu¬ 
cating  and  training  of  a  different 
group  of  people  for  each  installation 
is  not  necessary. 

A  technical  difficulty  in  transmit¬ 
ting  speeches  of  widespread  public 
interest  is  that  of  locating  micro¬ 


phones  near  the  speaker’s  rostrum  in 
order  to  supply  the  program  to  three 
or  four  radio-networks,  several  local 
stations,  a  number  of  news-reel  cam¬ 
eras,  and  to  the  public-address  serv¬ 
ice.  This  multiplicity  of  microphones 
inherently  embodies  several  disad¬ 
vantages.  It  obstructs  the  view  of 
the  audience  and  news-reel  cameras. 
It  impairs  quality  since  the  micro¬ 
phones  are  of  necessity  di.sadvan- 
tageously  situated,  due  to  total  num¬ 
ber  which  mu.st  be  used.  The  effect 
of  the  speaker  turning  his  head  will 
influence  certain  microphones  more 
than  others.  The  type  of  microphone 
best  suited  to  the  speaker’s  voice 
may  not  be  employed  by  the  several 
organizations  because  they  have  not 
had  opportunity  to  make  tests  nec¬ 
essary  to  determine  the  type  ideally 
suited.  In  many  cases  the  public- 
address  microphone  is  relegated  to 
the  side  (due  to  the  preference  ac¬ 
corded  radio  and  camera  micro¬ 
phones),  with  the  result  that  the 
audience  is  poorly  covered.  Experi¬ 
ence  has  shown  that  a  poor  public- 
address  installation  leads  to  the 
crowd’s  becoming  restle.ss  and  out  of 
control,  even  voicing  its  objections  to 
the  extent  that  they  are  heard 
through  the  radio  pick-ups. 

These  microphone  d.fficulties  have 
been  surmounted  by  using  one  micro¬ 
phone  and  by  designing  equipment 
bays  consisting  of  power-supplies, 
monitoring  facilities,  .and  14  bridg¬ 
ing-amplifiers  arranged  to  operate 
(at  zero-level)  from  the  output  of 
conventional  remote  or  pre-amplifiers. 
These  are  used  to  supply  progra  ns 
at  zero-level  on  500-ohm  terminal i'  ns 
to  radio-networks,  local  radio-.^^ia- 
tions,  news-reel  cameras,  the  pul 'He¬ 
address  service,  etc.  The  advantages 
of  this  scheme  are  obvious  when 
considered  in  light  of  the  difficul¬ 
ties  outlined  in  the  previous  para¬ 
graph. 

The  bridging  amplifier  units  con¬ 
sist  of  a  single  push-pull  stage  ar- 
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Broadcast  stations,  news-reel  cameras,  public  address — all  fed  from  a  single  sys¬ 
tem  designed  by  the  engineering  stalT  of  the  Republican  National  Committee  to  project 
personality  as  well  as  words 


ranged  so  that  the  failure  of  one 
tube  has  little  effect  upon  perform¬ 
ance,  A  spare  or  stand-by  amplifier 
is  included  in  each  assembly  so  that 
a  defective  unit  may  be  “patched” 
out.  Similarly,  a  stand-by  power 
supply  may  be  cut  in  by  throwing  a 
toggle-switch.  Each  bay  has  a  moni¬ 
tor  panel  which  permits  checking  in¬ 
put  and  output  levels  and  termina¬ 
tions  on  each  amplifier. 

An  apparent  disadvantage  of  this 
system  lies  in  the  fact  that  every 
service  is  supplied  through  one  com¬ 
plement  of  apparatus,  necessitating 
that  it  be  failure-proof  insofar  as 
possible.  Space  will  permit  only  a 
short  description  of  the  steps  that 
have  been  taken  to  guard  against 
the  possibility  of  equipment  and 
power  failure.  All  facilities — micro¬ 
phone,  remote  or  pre-amplifier,  the 
14-feed  bridging-amplifier  assembly, 
lines  to  each  network,  camera,  etc., 
and  the  a-c  power  source  are  sup¬ 
plied  in  duplicate.  Thus  two  entirely 
isolated  systems  supply  program  sim¬ 
ultaneously  on  two  lines  to  each 
broadcaster,  camera-man,  etc.  The 
equipment  is  entirely  a-c  operated — 
each  channel  on  individual,  isolated 
feeds — from  the  city  supply;  but  a 
complete  conversion  to  battery  opera¬ 
tion  on  one  channel  may  be  made  in 
about  ten  seconds. 

Public  Address 

I’ublic  address  equipment  had  to 
be  provided  for  sound-reinforcement 
for  large  crowds  at  major  speeches 
sucl.  as  at  the  Topeka  and  Chicago 


f  r out  and  rear  views  of  one  of  the 
braining  amplifier  units.  Each  con- 
lOi  .3  fifteen  separate  amplifiers  (one 
stniid-by)  and  a  monitor  panel.  Two 
uiuts,  containing  30  amplifiers  in  all, 
or/  in  use  to  prevent  any  possibility 
of  'nilure.  A  defective  amplifier  may 
be  replaced  by  the  stand-by  unit  by 
means  of  two  patch  cords 
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notification  ceremonies  of  Governor 
Landon  and  Colonel  Knox,  and  for 
private  car  installations  for  rear- 
platform  speeches  from  the  Landon 
and  Knox  special  campaign  trains. 

The  first  requirement  was  met  by 
obtaining  the  services  of  a  modem 
sound-truck  owned  and  operated  by 
one  of  the  country’s  most  experienced 
and  competent  operators.  This  sound- 
truck  is  equipped  with  two  100-watt 
amplifiers,  a  gasoline  driven  60-cycle 
alternator  (to  be  used  w’here  a-c 
I>ower  is  not  available)  two  35-foot 
collapsible  steel  towers  (quickly 
erected  or  demounted,  usually  at 


either  side  of  the  speaker’s  platform) 
for  support  of  the  loud  speakers ;  also 
microphones,  radio-tuner,  and  acces¬ 
sories.  A  sufficient  number  of  horns 
and  directionally-baffled  dynamic 
loud-speaker  units  are  carried  to  per¬ 
mit  mounting  two  tiers  of  speakers 
on  the  towers,  thereby  affording  cov¬ 
erage  of  massed  open-air  audiences 
up  to  200,000  people. 

Rear-platform  (train)  Installations 

The  objectives  to  be  attained  by 
railroad  car  installations  may  be 
realized  from  the  demands  to  be 
made  upon  the  equipment: 


radio  units  —  pre-amplifiers  and 
bridging  amplifiers  —  have  ±  0.5 
decibel  variation  in  amplification 
from  30  to  15,000  cycles,  and  a  total 
harmonic-distortion  of  the  order  of 
0.5  per  cent.  The  hum-level  on  a-c 
operation  is  more  than  55  decibels 
below  zero-level,  and  input  and  out¬ 
put  feeds  are  balanced  to  ground. 

The  public-address  equipment  has 
similarly  adequate  performance  char¬ 
acteristics:  1.0  decibel  variation  in 
amplification  from  40  to  10,000  cycles 
with  total  harmonic-distortion  le.ss 
than  5  per  cent.  All  units  have  been 
ruggedly  constructed  so  as  to  with¬ 
stand  rough  treatment  in  transit, 
and  every  attempt  has  been  made  to 
minimize  equipment  failure. 

The  remote  or  pre-amplifier  wa.s 
developed  by  the  Collins  Radio  Com¬ 
pany  as  a  result  of  submitted  speci¬ 
fications  and  data.  It  is  unique  in 
its  field  and  has  a  number  of  un¬ 
usual  features:  three  universal  in¬ 
put-channels  permitting  any  type 
microphone  to  be  plugged  into  each 
receptacle;  high-level  mixing;  pu.sh- 
pull  output  stage;  convenient  access 
to  every  component  and  connection; 
unusually  low  hum  and  noise-level, 
and  compactness  and  light-weight. 
The  Republican  Committee  has  ob¬ 
tained  all  units  thus  manufactured, 
but  they  are  now  being  advertised 
for  general  sale.  Collins  Radio  also 
constructed  the  bridging-amplifier 
assemblies  and  distribution  networks 
to  specifications. 

The  power-amplifiers  used  on  the 
trains  were  constructed  by  the  Rem- 
ler  Company,  Ltd.,  in  accordance 
with  submitted  specifications.  They 
employ  two  of  the  new  beam-power 
tubes  in  the  output  stages  and  ac¬ 
cordingly  develop  ample  power.  They 
are  compact,  rugged,  and  ea.'^ily 
portable.  The  amplifying  equipment 
installed  on  the  sound-trucV  was  also 
supplied  by  Remler. 


carrying  case.  On  the  trains  the 
loud-speaker  system  consists  of  four 
directionally-baffled  dynamic  units 
(25-watt,  12-inch) ;  two  are  mounted 
in  fixed  positions  to  afford  coverage 
to  the  rear  of  the  train,  and  the  re¬ 
maining  two  are  adjustable  to  afford 
coverage  at  any  angle  on  either  side. 

Sixty-cycle  power  on  the  trains  is 
obtained  from  300-watt  converters 
operated  from  the  32-volt  train  bat¬ 
teries.  The  amplifiers,  distribution- 
box,  accessories,  and  tools  are  com- 
l)actly  situated  in  a  partitioned  cab¬ 
inet  at  the  rear  of  the  observation 
room  of  the  private  car.  The  entire 
installation  may  be  placed  in  carry¬ 
ing  cases  ready  for  air  transport  or 
removal  to  a  hall  in  about  ten  min¬ 
utes.  The  total  weight  of  the  remote 
and  power-amplifiers,  portable  loud¬ 
speakers,  portable  speaker’s  rostrum, 
distribution  -  network,  microphones 
and  accessories  is  less  than  200 
pounds. 

Performance  Standards 

High  performance  standards  have 
been  maintained  throughout.  The 


1.  Adequate  coverage  for  rear- 
platform  crowds  up  to  ten  thousand 
people. 

2.  Program  to  be  supplied  to  tele¬ 
phone  lines  (500-ohm  termination  at 
zero-level)  for  broadcasters  (usually 
local  stations). 

3.  Program  to  be  supplied  to  news¬ 
reel  cameras  (at  various  levels  and 
terminations). 

4.  Equipment  to  be  quickly  remov¬ 
able  for  installation  at  local  halls 
should  occasion  demand. 

5.  Total  weight  of  all  equipment 
not  to  exceed  250  pounds  in  order 
that  it  be  suitable  for  aeroplane 
travel. 

These  requirements  were  met  by 
using  a  remote  amplifier  (of  the 
type  used  to  feed  the  bridging-ampli¬ 
fiers  on  major  broadcasts)  a  resistive 
distribution  network  to  supply  the 
program  to  the  broadcasters  and 
camera  men,  two  40-watt  power  am¬ 
plifiers,  and  a  suitable  loud-speaker 
system.  For  aeroplane  travel  the 
latter  consists  of  two  25- watt  12-inch 
dynamic  units  baffled  by  a  divided 


Personnel 

The  staff  consists  of  the  following 
men:  Charles  H.  Warriner,  in 

charge  for  the  Republican  National 
Committee;  James  D.  McLean,  op¬ 
erating  engineer;  Dean  Bailey,  I  .A., 
operating  engineer;  Meyer  Freeb  'rg, 
design  engineer;  Robert  C.  Mulnix. 
owner  of  sound-truck;  H.  A.  Ral  nel. 
M.S.,  consulting  engineer,  on  leave 
from  the  Department  of  Elect --ical 
Engineering,  Massachusetts  Insti¬ 
tute  of  Technology. 


Pre-amplifier  unit  toUh  cover  throum  back.  The  input  con¬ 
nections  at  the  rear  readily  permit  changing  microphone 
impedances.  This  amplifier  feeds  the  fourteen  bridging 
amplifiers  which  in  turn  supply  the  signal  to  the  broad¬ 
casters,  news-reel  men,  and  public  address  system 
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Cathode  Rays  for  the  UHF 


Correcting  for  electron  transit  time  in  cathode  ray  oscillographs  permits  accurate 
voltage  measurements  up  to  frecpiencies  of  300  me.  A  Worcester  Polytech  thesis 


Recognizing  the  increasing  im¬ 
portance  of  the  ultra-high  fre¬ 
quencies,  engineers  find  themselves 
confronted  with  the  necessity  of 
making  quantitative  measurements 
on  their  equipment,  particularly 
measurements  of  voltage,  current, 
and  power  existing  in  the  various 
circuits  involved.  At  present  the 
methods  of  making  these  measure¬ 
ments  are  limited  in  their  extent, 
since  the  usual  methods  employed 
begin  to  incur  serious  discrepancies 
as  the  frequency  of  the  alternating 
voltages  and  currents  is  increa.sed 
above  the  value  of  1  to  5  megacycles. 

As  a  thesis  project  it  was  decided 
to  investigate  one  phase  of  this  prob¬ 
lem,  namely  that  of  making  voltage 
measurements  at  these  ultra-high 
frequencies,  and  to  show  how  they 
may  be  applied  to  the  science  as  a 
whole.  The  cathode-ray  tube  was  se¬ 
lected  as  an  instrument  for  voltage 
measuring  at  these  frequencies  for 
several  reasons,  first,  because  it  has 
very  little  effect  on  the  circuit  being 
considered  on  account  of  the  relative¬ 
ly  low’  capacity  presented  to  the  cir¬ 
cuit,  and  second,  because  of  its  ease 
of  calibration  and  of  predicting  its 
variations  on  theoretical  grounds. 
It  is  proposed  to  use  this  instrument 
in  a  circuit  similar  to  that  of  the 
well-known  cathode  ray  oscilloscope, 
taking  as  a  measure  of  the  required 
voltage  the  deflection  of  the  electron 
beam  in  this  tube. 

When  alternating  voltages  of  or- 
dinai-y  frequencies,  both  audio  and 
radio,  are  applied  to  the  deflecting 
plates  of  the  tube,  the  voltage  vari¬ 
ation  which  takes  place  as  each  elec¬ 
tron  passes  through  the  field  is  so 
smaM  that  it  is  possible  to  consider 
each  successive  electron  as  being 
act(  1  upon  by  a  field  of  constant 
strength  (although  of  a  slightly  dif¬ 
fer  nt  strength  for  each  successive 
electron).  Thus,  the  electron  which 
is  given  the  greatest  deflection  is  the 
one  which  passes  between  the  plates 
at  the  instant  that  the  voltage  wave 
on  the  plates  is  at  its  maximum 
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value,  and  its  deflection  is  essentially 
the  same  as  the  deflection  it  w’ould 
have  been  given  if  there  had  existed 
on  the  deflecting  plates  a  steady 
d.c.  voltage  of  the  same  magnitude 
as  the  peak  value  of  the  alternating 
voltage  wave.  Thus  it  can  be  seen 
that  at  ordinary  frequencies  (/=0 
to  /  =  10’  cps)  the  peak  value  of  the 
deflection  produced  may  be  assumed 
to  be  proportional  to  the  peak  value 
of  the  applied  voltage  wave  in  the 
same  proportion  as  that  determined 
for  the  d-c  calibration. 

At  frequencies  of  more  than 
10"  cps,  however,  the  variation  of 
the  voltage  across  the  plates  is  tak¬ 
ing  place  at  so  great  a  speed  that 
the  field  acting  upon  each  electron 
can  no  longer  be  considered  to  be 
constant,  but  is,  rather,  a  variable 
quantity  which  has  a  different  effect 
on  the  electron  beam,  and  a  correc¬ 
tion  must  be  applied  to  the  observed 
deflection,  (depending  on  the  fre¬ 
quency,  the  velocity  of  the  electrons, 
and  the  length  of  the  deflecting- 
plates),  in  order  to  have  the  d-c  cali¬ 
bration  still  hold  true.  This  is  called 
the  “transit-time”  correction  factor. 


Electron  “Transit-Time"  Calculations 


The  method  of  obtaining  this 
“transit-time”  correction  factor  is 
shown  in  the  following  derivation 
and  set  of  sample  calculations,  based 
on  fundamental  relationships  and  in¬ 
tegral  calculus.  Referring  to  Fig.  1, 
let: 


dx 


.stant) 


du 


soidal  voltage  of  maximum  value  E 
and  frequency  /.  From  Newton’s 


Second  Law,  F  =  ma  (or  a  = 

obtain  the  relation: 

(Ty  _  kp  E  sin  wt 
df  m 


-)  we 


ki  sin  ul . 


(1) 


where  k-,  is  constant  depending  on 
units,  m  =  mass  of  electron,  and 
k  E 

(arbitrarily  causing  the  nu¬ 
merical  value  of  £■  to  be  fixed  for  this 
derivation,  and  investigating  effects 
due  to  changes  in  the  frequency 
only). 

Upon  integrating  (1)  we  get: 
dy  ki 

—T—  - - cos  wt  -I-  Cl... 

at  u) 

Integrating  (2),  we  get: 

^1 


(2) 


V  = 


sin  -f"  Ci(  Cj. 


(3) 


We  must  now  turn  to  practical  con¬ 
siderations  and  note  that  the  deflec¬ 
tion  D  on  the  screen  depends  for  the 
dy 

most  part  on  the  slope  of  the 

electron  beam  as  it  leaves  the  field, 
and  very  little  on  the  value  of  y,  this 
being  due  to  the  “magnifying”  prop¬ 
erties  of  this  arrangement.  We  know 
from  experience  at  lower  frequencies 
that  the  amount  contributed  to  D 
by  y  is  very  small,  so  it  is  reasonable 
to  assume  that  its  effect  may  be  neg¬ 
lected  in  the  mathematical  analysis; 
this  assumption  is  borne  out  by  later 
experimental  results. 

From  equation  (2),  and  from  the 
dx 

relation  v  =—^=  a  constant,  we 
get: 


dy 

dx 


ki  ,  I  , 

- cos  ut  H - - - cos  ut  -f 

vu  V  u 


where  k  = 

P  V 


Velocity  of  electrons  =v=  -j—  (con- 

dt 


D= recorded  screen  deflection = A 

dx 


I  =  length  of  the  deflecting-plates. 
t  =  time,  in  seconds, 

/  =  frequency,  and  (o  =  2z/ 

Assume  the  voltage  on  the  deflect¬ 
ing  plates  is  e  =  E  sin  <i>t,  a  sinu- 


We  may  rid  ourselves  of  the  constant 
of  integration  by  evaluating  between 
the  limits  U  and  U.  and  we  get 
finally : 

17=  —  . 

From  here  onward  the  treatment 
may  be  better  approached  from  a 
physical  rather  than  a  mathematical 
point-of-view.  We  have  seen  that  a 
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Fig,  1.  Fundamental  dimensions  of  the  cathode  ra\  tube  showing 
path  of  electron  beam 


given  electron  will  receive  a  maxi¬ 
mum  deflection  when  it  is  passing 
between  the  plates  while  the  voltage 
on  the  plates  is  passing  through  its 
maximum  value,  i.e.,  through  its  90® 
or  270®  point.  Now,  with  v  constant, 
and  the  length,  i,  of  the  plates  fixed, 
the  time-interval  (t, — h)  is  a  fixed 
value.  Therefore,  the  angle  u)(t, — fi) 
is  a  fixed  value,  say  d,  for  any  given 
value  of  to  (and  therefore  /),  and 
obviously  the  maximum  value  of  the 

expression  [costot]^  occurs  when 

<i)fi  =  (90® - 1-)  and  toU  = 

(90-  +4). 

Now,  making  use  of  our  assump¬ 
tion  that  the  deflection  D  =  K^, 

and  knowing  from  experience  that, 
for  frequencies  of  3  X  10*  cps  (X  = 
100  meters),  the  D  for  a  given  E  is 
the  same  as  the  D  for  that  same 
value  of  £■  in  a  d-c  voltage,  we  can, 
for  any  given  cathode-ray  tube  with 
plates  of  any  given  size  and  an  elec¬ 
tron  velocity  of  any  given  v,  calcu¬ 
late  the  correction  factor  which 
must  be  applied  at  any  given  fre¬ 
quency.  The  following  sample  calcu¬ 


lations  show  how  this  may  be  done. 

Assume  that  we  have  a  cathode- 
ray  tube  with  deflecting  plates  1  cm. 
in  length  and  with  1000  volts  d.c.  on 
its  anode  No.  2,  the  anode  which  de¬ 
termines  the  velocity  of  the  electrons 
in  the  beam.  The  electron  velocity  is 
given  in  this  case  by  the  expression : 
electron  velocity  —v  =  5.97  x  10’  V 
=  5.97  X  1(F  Vi^  =  1-89  X  10*  cm/Bcc. 
where  is  the  voltage  on  anode  No.  2. 
Now,  since  the  deflecting  plates  are 
1  cm.  long,  (effective),  any  given 
electron  remains  between  the  plates 

for  a  time  of  ^  sec.,  =  0.5:1  x  10-’ 
i.oy  X  lu^ 

sec.,  =(<j-/i). 


Now,  suppose  a  voltage  of  maxi¬ 
mum  value  E  and  of  frequency  f  = 
3  X  10*  cps  (X  =  100  m.)  is  applied 
across  the  deflecting  plates.  Refer  to 
Fig.  1.  At  this  frequency  d  =  u 

(.100®  \ 

=  0.5S®  (electrical  degrees) 

Therefore  from  Equation  (4)  Dioom  =  A'  ^  = 


Ki-k) 


2»  X  3  X  10* 


*=  A*x(5.50x  10-^®)  cm.,  where  A*  =  (A’)  (-X). 


Now  again,  suppose  we  have  a 
voltage  of  value  E,  and  of  a  fre¬ 
quency  /  =  3  X  10'  cps  (X  =  1  m.). 
At  this  frequency,  we  find  that  d  = 
58.0®  (electrical),  and,  calculating  as 
above,  we  get: 


COS 

Ihm  —  A* - 

2“  X  .1  X  10’ 

=  A'»  X  (5.13  X  lO-'o)  cm. 


Using  the  100  meter  deflection  as  our 
reference  value,  we  find  that  the  cor¬ 
responding  1  meter  deflection  is  93''o 
of  the  value  it  should  have  on  the 
basis  of  the  d.c.  calibration  values, 
which  means  that  the  value  of  deflec¬ 
tions  obtained  at  this  frequency  are 
7  per  cent  too  small,  requiring,  there¬ 
fore,  a  correction  factor  of  1.07  to  be 
applied  to  this  particular  cathode  ray 
tube  at  the  particular  frequency  of 
300  megacycles,  w’hen  the  voltage  on 
anode  No.  2  of  the  tube  is  equal  to 
-|-  1000  volts  with  respect  to  the 
cathode. 

Calculations  for  other  frequencies 
were  made  in  a  similar  manner  to 
the  above,  and  a  curve  showing  the 
Variation  in  response  as  a  function 
of  frequency  was  plotted  for  the  case 
analyzed  above.  This  curve  (Fig.  2) 
shows  that  at  a  frequency  of  1.8  X 


10"  cps  (X  = -4-  meter),  the  visible 

deflection  becomes  zero,  regardless 
of  the  magnitude  of  the  applied  volt¬ 
age  to  the  plates.  This  is  the  point, 
as  can  be  seen  from  the  mathematics, 
at  which  the  angle  d  becomes  360®, 
or  to  put  it  differently,  the  point  at 
which  the  electron  transit-time  be¬ 
comes  equal  to  the  length  of  time  of 
one  complete  cycle  of  the  applied 
voltage  wave. 


Experimental  verification  of  zero 


Fig.  2.  Theoretical  variation  of  response  with  frequency,  showing 
zero  response  where  the  transit  time  is  equal  to  a  complete  period 
of  the  wave 


response 

Regarding  the  point  of  zero  detlec- 
tion-response,  it  was  thought  that  an 
experimental  verification  of  this 
peculiar  effect  would  constitute  an 
excellent  check  on  the  mathematics 
and  theory  involved  in  the  deriva¬ 
tion.  Since  frequencies  of  the  ma>rni- 
tude  required  could  not  possibly  be 
obtained  with  the  apparatus  a^ail- 
able,  it  was  at  first  believed  that  this 
check  could  not  be  obtained.  It  ^vas 
soon  realized,  however,  that  to  ob¬ 
tain  an  angle  d  of  360°  it  was  m  ces- 
sary  merely  to  increase  the  elei  iron 
transit-time  and  the  required  ciTect 
would  take  place  at  a  lower  fre¬ 
quency  as  a  result  of  this.  To  in- 
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Fig.  3.  Experimental  curve  showing  response  as  accelerating  voltage 
is  reduced^  thus  shortening  transit  time 


I  crease  the  electron  transit-time,  it  is 
necessary  merely  either  to  increase 
the  length  of  the  deflecting  plates  or 
decrease  the  velocity  of  the  electrons 
in  the  cathode-ray  beam,  or  both. 

With  this  in  mind,  a  cathode-ray 
tube  having  plates  of  an  effective 
length  of  1.6  cm.,  (taking  account  of 
fringing  at  the  edges  of  the  plates), 
was  obtained,  an  RCA  Type  906 
cathode-ray  tube.  It  was  found  that 
this  tube  would  operate  with  an 
anode  potential  of  about  190  volts 
minimum  to  1200  volts  maximum. 
An  ultra  high-frequency  oscillator 
was  constructed,  using  an  “acorn” 
tube,  Type  955,  in  a  circuit  as  shown 
in  the  schematic  diagrams  of  the 
complete  set-up  on  Fig.  4.  The  lowest 
wave-length  at  which  this  oscillator 
would  function  effectively  was  found 
to  be  61  centimeters. 

Accelerating  voltage  reduced  to  Ibnit 
transit-time 

Using  this  oscillator,  connected  so 
as  to  give  a  substantially  constant 
input  voltage  to  the  plates  of  the 
cathode  ray  tube,  it  was  found  pos¬ 
sible  to  verify  the  desired  effect  by 
the  process  of  varying  the  anode  po¬ 
tential  on  the  tube  (thus  varying  the 
electron  velocity).  The  curve  ob¬ 
tained  of  deflection  as  a  function  of 
anode  potential  for  a  constant  de- 
flecting-plate  voltage  of  a  constant 
frequency  is  shown  above  (Fig.  3), 
and  it  is  interesting  to  note  that  the 
experimental  results  check  the 
mathematically  -  calculated  results 
verj’  closely,  in  fact,  within  6  per 
cent. 

As  shown  by  the  above  curve,  the 
“zero”  point  occurs  at  an  anode 
potential  of  195  volts.  The  calcu¬ 
lated  figures  indicated  that  the  zero 
point  would  occur  at  200  volts  for 
this  tube  if  a  60  cm.  voltage- wave 
were  applied,  so  that  the  maximum 
error  is  well  within  5  per  cent. 

Negative  response  not  investigated 

It  was  found  impossible  to  obtain 
the  portion  of  the  above  curve  indi¬ 
cated  by  the  dotted  line,  since  as  was 
,  mentioned  before,  the  cathode  ray 
1  tube  would  not  function  at  anode 
voltages  of  less  than  190  v.  How¬ 
ever,  it  is  believed  that  the  results 
obtained  are  sufficiently  conclusive  to 
establish  definitely  the  fact  that  this 
type  of  an  instrument  may  be 
readily  used  as  a  means  to  determine 


the  value  of  voltages  at  ultra-high 
frequencies.  It  is  proposed  to  use 
this  type  of  instrument  not  to 
measure  these  voltages  directly,  but 
rather  to  calibrate  some  type  of  vac¬ 
uum-tube  voltmeter  and  use  this  in¬ 
stead.  This  method  is  suggested  be¬ 
cause  the  cathode-ray  tube  itself, 
plus  its  associated  apparatus,  is 
rather  cumbersome  to  be  readily 
portable. 

A  precaution  which  must  be  taken 
in  making  any  measurements  at 
these  ultra-high  frequencies  is  that 
the  leads  to  the  instruments  are  in 
themselves  electrically-long  lines, 
and  so  their  effect  on  the  circuits  in¬ 
volved  and  on  the  instrument  must 
be  taken  into  account.  This  can  be 
done  in  most  cases  quite  easily,  how¬ 
ever,  by  the  simple  procedure  oi 


using  half-wave  lines  for  connecting 
leads,  and  mathematically  calculating 
the  attenuation  produced  by  such  a 
line. 

The  writer  wishes  to  express  his 
appreciation  to  Professor  H.  H. 
Newell,  for  his  helpful  suggestions, 
advice  and  assistance  in  the  theo¬ 
retical  and  practical  developments  of 
this  work,  and  to  Professor  R.  K. 
Morley  for  his  aid  in  the  mathe¬ 
matical  aspects  of  this  same  work. 
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of  C.R.  t^be 


Fig.  4.  Oscillator  set-up  for  obtaining  60  centimeter  waves  used  in 
testing  zero-response.  An  acorn  tube  was  used 
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The  total  air  gap  per  leg  is  between 
.001  X  7i  and  .0012  X  7L  or  7.5  to 
9  mils;  the  exact  value  is  not  of  ma¬ 
terial  consequence.  The  reason  for 
this  statement  will  appear  later. 

The  curve  of  Fig.  1  is  the  envelope 
of  a  family  of  fixed  air  gap  curves 
such  as  those  shown  in  Fig.  3.  These 
curves  are  plots  of  calculations  based 
upon  the  assumption  that  the  a-c  flux 
in  the  iron  core  has  a  negligibly 
small  value  compared  to  the  d-c  flux. 
Each  curve  has  a  region  of  optimum 
usefulness,  beyond  which  saturation 
sets  in  and  its  place  is  taken  by  a 
succeeding  curve  having  a  larger  air- 
gap.  A  curve  tangent  to  the  series 
of  fixed  air-gap  curves  is  that  of 
Fig.  1,  and  the  regions  of  optimum 
usefulness  are  indicated  by  the  scale 
a/le.  Hence  Fig.  1  is  a  curve  deter¬ 
mined  by  the  d-c  flux  conditions  in 
the  iron  and  represents  the  most  LP 
or  energy  content  for  a  given  amount 
of  material. 

Figure  3  illustrates  how  the  exact 
value  of  air-gap  is  of  little  conse¬ 
quence  in  the  final  result.  The  dotted 
curve  connecting  B  and  C,  is  for  an 
intermediate  value  of  gap,  6  mils. 
Point  Y'  represents  the  maximum 
inductance  that  could  be  obtained 
from  a  given  core  at  this  point  by 
using  a  6  mil  gap.  Point  Y  is  the  in¬ 
ductance  obtained  if  a  gap  of  either 
4  or  8  mils  is  used.  The  difference  in 
inductance  between  Y  and  Y'  is  4 
per  cent,  for  a  difference  in  air-gap 
of  33  per  cent. 

It  should  be  realized  here  that  the 
length  of  path  of  magnetic  flux 
through  the  coil  has  two  com¬ 
ponents:  the  air-gap  a,  and  the 
length  of  the  core  U.  In  Fig.  1  these 

„  ,  ,  two  components  are  handled  sepa* 

From  Fig.  1  it  is  seen  that  NI 

and  a  in  the  scale  plotted  along  the 
curve.  The  two  components  do  not 
add  directly  because  their  permea¬ 
bilities  are  different.  In  the  air-gap, 
of  course,  the  permeability  is  unity, 
while  in  the  core  it  has  a  value  de¬ 
pending  upon  the  degree  of  satura- 


Ampere-turns  p«r  Cm, 


Fundamenttd  reactor  design  chart  for  silicon  steel.  Dimensions  used 
are  shotvn  in  Fig.  2 


The  desigm  of  reactors  carrying  are  necessary  to  produce  70  henries 
direct  current — that  is,  the  selec-  when  20  milliamps  d-c  are  flowing  in 
tion  of  the  right  number  of  turns,  the  winding. 

air-gap,  etc., — ^was  pretty  much  a  This  problem  is  solved  as  follows: 
cut-€ind-try  art  until  1927.  In  that  ^ 
year,  a  method  was  introduced  by  ^  * 

C.  R.  Hanna*  which  simplified  mat-  ^ 
ters  tremendously.  By  this  method,  -y 
magnetic  data  was  reduced  to  a 
curve  such  as  Fig.  1,  plotted  be- 

from  which  re- 


=  (.875)*x(2.54)*x.92=4.55  cm, 
:7.5x2.64=19.05  cm 


tween  and 

actors  can  be  designed  directly.  The 
various  symbols  comprised  in  the 
coordinates  are : 

L  =  a-c  inductance  in  henries 
I  =  direct  current  in  amperes 
V  =  volume  of  iron  core  in  cubic 
centimeters 
=  Aele  (ref.  Fig.  2) 

Ac  =  Cross-section  of  core  in  square 
centimeters 

le  =  Length  of  core  in  centimeters 
N  =  Number  of  turns  in  winding 
a  =  Air-gap  in  centimeters 

An  example  will  show  how  easy  it 
is  to  make  a  reactor  according  to 
this  method.  Assume  a  stack  of  iron 
having  a  cross-section  J  inch  x  i  inch, 
and  suppose  the  iron  ^Is  92  per  cent 
of  this  space.  The  measured  length 
of  the  flux  path  in  this  core  is 
7i  inches.  It  is  desired  to  know  how 
many  turns  of  wire  and  what  air  gap 


Typical  core  structure  shouting 
dimensions  used  in  reactor 
design 


is  7.5,  and  the  air-gap  is  between  .001 
and  .0012  times  the  core  length. 


7.5x19.05 


7150  turns 


A.I.E.E.  Journal  Feb.  1927,  p.  128. 
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D-C  Service 

Methods,  applicable  to  small  units  as  well  as  large, 
for  designing  and  rating  iron-cored  audio  reactors  in  terms 
of  the  steady  direct  current  they  must  carry 


tion  of  the  iron.  Fig.  4  shows  the  comparei 
permeability  for  a  typical  high-grade  variatior 
silicon  steel.  The  effective  length  of  ductance 
the  magnetic  path  is  a  le/v-,  for  that  the 
the  steady  or  direct  current  com-  not  impc 
ponent  of  flux.  The  ( 

The  curve  in  Fig.  4  marked  jt  is  foregoin 
the  normal  permeability  of  the  iron  in  most 
for  a  steady  value  of  flux — in  other  ceivers  a 
words,  for  the  d-c  flux  in  the  core.  It  audio  le^ 
is  quite  different,  however,  from  the  and  her 
permeability  for  small  alternating  small  coi 
fluxes  superposed  upon  this  steady  if  the  i 
value.  The  latter  is  marked  order  as 

Fig.  4,  and  it  is  known  as  incremen-  * 

tal  permeability.  The  a-c  inductance  number 
of  the  reactor  is  determined  by  the  Produce 
length  of  the  a-c  flux  path  and  hence,  ^  given 
to  a  large  extent,  by  the  incremental  proporti 
permeability.  Becau 

The  distinction  between  |a  and  method 
is  made  clear  by  referring  to  Fig.  5, 
which  shows  the  top  half  of  a  t3T)ical  ^*™P 
hysteresis  loop.  The  direct  current 
in  the  winding  Axes  the  steady  mag-  ®  J 
netizing  force  Hdet  to  which  cor- 
responds  a  flux  density  Bde»  A  small  ^ 
alternating  voltage  across  the  reactor 
causes  a  superposed  increment  of 
flux  aB  to  alternately  add  to  and  With 
subtract  from  Bdct  following  the 
small  hysteresis  loop  which  touches 
the  large  loop  at  point  E  and  the  nor- 
mal  magnetization  curve  at  point  F. 

The  incremental  permeability  is 
aB/aH  and  is  represented  by  the  ,oooo 
slope  of  the  line  AA.  It  will  be  seen 
that  AA  has  a  slope  much  less  than 
that  of  the  normal  magnetization  ^  8.000 
curve  at  point  O.  Also,  the  smaller 
AB  is,  the  flatter  the  line  AA  be-  g 
comes  and  consequently  the  smaller  E  6,000 
the  value  of  permeability  ^ 

Because  of  this  low  value  of  ti 

f  .  A  4000 

lor  minute  alternating  voltages,  the 
effective  length  of  magnetic  path  o 
~f-  is  considerably  greater  for  2000 
alternating  than  for  steady  flux.  But 
the  inductance  varies  inversely  as 
the  length  of  a-c  flux  path.  If,  there¬ 
fore,  the  incremental  permeability  is 
small  enough  to  make  large 

electronics  —  September  1936 


compared  to  a,  it  follows  that  small 
variations  in  a  do  not  affect  the  in¬ 
ductance  much.  This  is  the  reason 
that  the  exact  value  of  the  air-gap  is 
not  important. 

The  conditions  assumed  by  the 
foregoing  method  of  design  are  met 
in  most  radio  applications.  In  re¬ 
ceivers  and  amplifiers  working  at  low 
audio  levels,  the  a-c  voltage  is  small 
and  hence  the  alternating  flux  is 
small  compared  to  the  d-c  flux.  Even 
if  the  a-c  voltage  is  on  the  same 
order  as  the  d-c  voltage,  the  a-c  flux 
may  be  small.  This  is  true  if  a  large 
number  of  turns  are  necessary  to 
produce  the  required  inductance;  for 
a  given  core  the  a-c  flux  is  inversely 
proportional  to  the  number  of  turns. 

Because  of  the  fact  that  Hanna’s 
method  applies  to  the  majority  of 
practical  cases,  and  because  of  its 
simplicity,  it  is  a  justly  famed  and 
universally  used  piece  of  engineering. 
Before  its  publication,  almost  all  re¬ 
actor  design  was  experimental,  or 
cut-and-try. 

Use  With  Large  Reactors 

With  the  increasing  use  of  higher 


A-  Zero  air  gap 
B  *  0.004* air  gap 
C  ■  0.008*  air  gap 


2  4  6  8  10  12  14  16  18  20  2?  24  2 

NI 


3  The  envelope  of  several  mug- 
net i zillion  curves  for  different 
air  gaps  gives  the  maximum 
energy  per  unit  volume  (cf. 
Fig.  1) 


audio  power,  necessitating  larger 
sizes  of  reactors  and  transformers,  it 
often  happens  that  the  a-c  flux  is  no 
longer  small  compared  to  the  d-c. 
This  is  especially  true  in  high  im¬ 
pedance  circuits,  where  the  direct 
current  has  a  low  value  and  the  alter¬ 
nating  voltage  has  a  high  value. 

To  illustrate  the  effect  of  these 
latter  conditions,  assume  a  reactor 
has  already  been  designed  for  negli¬ 
gibly  small  alternating  flux  (that  is, 
according  to  Fig.  1),  and  operates 
as  shown  by  the  small  loop  of  Fig.  5. 
Without  changing  anything  else,  sup- 


2JD0O  4/)00  61000 


10,000  npoo 

B-  Gausses 


16,000  t8,P00 


^  formal  and  incremental  permeabilities  for  silicon  steel 


pected  average  ripple  attenuation  of  high  for  both  positive  and  negative 
50:1  actually  becomes  16.7:1  for  modulation  peaks.  This  can  be  done 
positive  flux  swings,  and  83.3:1  for  only  if  the  maximum  flux  density  is 
negative,  and  the  load  ripple  is  kept  low  enough  to  avoid  the  saturat¬ 
ing  effects  represented  by  point  C  in 
Fig.  5.  Conversely,  it  follows  that  if 
saturation  is  present  in  a  reactor,  it 
is  manifested  by  a  decrease  in  in¬ 
ductance  as  the  direct  current 
through  the  winding  is  increased 
from  zero  to  full  load  value. 

In  a  reactor  having  high  a-c  per¬ 
meability  the  equivalent  length  of 
core  Ic/fi.  is  likely  to  be  small  com¬ 
pared  to  the  air-gap  a.  Hence,  it  is 
vitally  important  to  keep  the  air-gap 
close  to  its  proper  value  in  modula¬ 
tion  components.  This  is,  of  course, 
in  marked  contrast  to  reactors  not 
subject  to  high  a-c  voltages. 

If  a  modulation  choke  is  to  be 
checked  to  see  that  no  distortion- 
producing  saturation  effects  are  pres¬ 
ent,  access  must  be  had  to  an  induct¬ 
ance  bridge.  With  the  proper  values 
of  alternating  voltage  across  the  re¬ 
actor,  measurements  of  inductance 
can  be  made  with  various  values  of 
direct  current  through  it.  If  the  in¬ 
ductance  remains  nearly  constant  up 
to  normal  direct  current,  no  satura¬ 
tion  is  present,  and  the  reactor  is 
suitable  for  the  purpose.  If,  on  the 
other  hand,  the  inductance  drops  con¬ 
siderably  from  zero  d-c  to  normal 
d-c,  the  reactor  very  probably  is  a 
distortion  producer.  Increasing  the 
air-gap  slightly  may  improve  it, 
otherwise  it  should  be  discarded  in 
favor  of  a  reactor  which  has  been 
correctly  designed  for  the  purpose. 
The  fact  that  the  inductance  is 

[Continued  on  page  70] 


<16.7  '  83.3^ 

increase  of  nearly  2  to  1  over  what 
would  be  anticipated  from  the  meas¬ 
ured  value  of  inductance. 

Turning  to  modulation  chokes  and 
transformers,  assume  that  in  Fig.  5, 
Curve  CFDEC  represents  the  opera¬ 
tion  of  such  a  component.  The  reac¬ 
tive  current  drawn  from  the  modu¬ 
lator  tubes  at  low  audio  frequencies 
may  be  well  within  reasonable 
bounds  for  negative  peaks  of  modula¬ 
tion,  but  may  be  high  enough  at  posi¬ 
tive  peaks  to  cause  an  excessive 
amount  of  low-frequency  distortion. 
This  may  be  confirmed  by  comparing 
the  change  in  H  (which  is  a  measure 
of  reactive  current)  on  both  sides  of 
point  O;  the  positive  peak  current  is 
five  times  as  great  as  the  negative 
peak  current. 

This  high  positive  peak  current 
could  be  reduced  to  a  value  approach¬ 
ing  the  negative  peak  by  increasing 
the  air-gap  somewhat,  and  thereby 
reducing  Hdc  so  that  it  passes 
through  point  O'.  Now  and  B. 
drop  down  so  as  to  intersect  D'  and 
C'  respectively.  Moreover,  the  aver¬ 
age  permeability  has  increased,  and 
so  has  the  inductance.  It  will  be  ap¬ 
parent  that  to  decrease  Hdc  further 
means  another  increase  in  a-c  per¬ 
meability — approaching  in  value  the 
d-c  or  normal  permeability.  As  a 
matter  of  fact,  this  is  what  a  good 
design  of  modulation  reactor  in¬ 
volves:  keeping  the  a-c  permeability 


U  Hysteresis  loops  for  d-c  reactors 


pose  the  alternating  voltage  across 
the  reactor  is  greatly  increased,  so 
that  the  total  a-c  flux  change  is  from 
Bi  to  Bt.  The  reactor  still  operates 
about  point  O.  The  hysteresis  loop, 
however,  becomes  the  unsymmetrical 
figure  CFDEC.  The  average  permea¬ 
bility  during  the  positive  flux  swing 
is  represented  by  the  line  OC,  and 
during  the  negative-  flux  swing  by 
OD.  The  slopes  of  both  OC  and  OD 
are  greater  than  that  of  AA;  hence, 
the  first  effect  exhibited  by  the  re¬ 
actor  is  an  increase  of  inductance. 

The  increase  in  inductance  is  non¬ 
linear,  and  this  has  a  decided  effect 
upon  the  performance  of  apparatus. 
An  inductance  bridge  measuring 
such  a  reactor  at  the  higher  a-c 
voltage  would  show  an  inductance 
corresponding  to  the  average  slope  of 
lines  OD  and  OC.  But  if  the  reactor 
were  put  in  the  filter  of  a  rectifier, 
the  measured  ripple  would  be  higher 
than  a  calculated  value  based  upon 
the  bridge  value  of  inductance.  This 
is  because  the  positive  peaks  of  rip¬ 
ple  have  less  impedance  presented  to 
them  than  do  the  negative  i)eaks,  and 
hence  they  create  a  greater  ripple  at 
the  load.  Suppose,  for  example,  that 
the  ripple  output  of  the  rectifier  is 
500  volts,  and  this  would  be  atten¬ 
uated  to  10  volts  across  the  load  by  a 
linear  reactor  having  a  value  of  in¬ 
ductance  corresponding  to  the  aver¬ 
age  slope  of  lines  OC  and  OD.  With 
the  reactor  working  as  indicated  by 
Fig.  5,  the  slope  of  OD  is  five  times 
that  of  OC.  Consequently,  the  ex- 


^  Transformer  characteristics  at  low  audio  frequencies 
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A  new  and  simple  construction  uses  parallel  dural 
ribbons  and  a  perforated  plate  to  produce  velocity  charac¬ 
teristics  in  a  capacity-type  microphone.  Output  -53  db 


The  microphone  department  of 
the  entertainment  and  com¬ 
munications  industries  has  for  some 
years  been  one  of  the  most  active  in 
developing  new  instruments  and  new 
competitive  methods  of  rating  their 
output.  The  former  activity  is  en¬ 
tirely  commendable,  the  latter  per¬ 
haps  less  so,  but  together  they  have 
conspired  to  make  microphones  a 
topic  of  interest  to  nearly  every  en¬ 
gineer  connected  with  sound  trans¬ 
mission.  The  latest  development  in 
the  field,  to  the  editors’  knowledge, 
is  a  new  principle  of  construction 
applied  to  capacity  microphones, 
which  at  once  makes  them  much 
cheaper  to  manufacture  and  vastly 
easier  to  use  in  practice.  The  new 
microphone,  called  the  “Velotron”  by 
its  inventor  William  A.  Bruno  of  the 
Bruno  Laboratories,  New  York,  is 
of  extremely  simple  construction, 
and  it  possesses  several  unusual  tech¬ 
nical  features,  particularly  a  high- 
frequency  response  which  can  be 
changed  electrically  from  a  remote 
location. 

Fundamentally  the  new  micro¬ 
phone  combines  the  principles  of  the 


Microphone  with 
cover  removed, 
showing  perfo¬ 
rated  value 
whidi  acts  as  one 
element  of  the 
electrostatic  sys¬ 
tem 


ribbon  microphone  and  the  condenser 
microphone.  It  consists  of  a  flat  in¬ 
sulated  perforated  plate,  covered 
with  a  system  of  ribbons.  The  plate 
contains  about  80  holes  per  square 
inch,  each  tV  inch  in  diameter.  The 
insulation  is  applied  in  six  coats, 
and  the  materials  used  are  chosen 
to  produce  high  insulation  strength, 
especially  at  the  sharp  edges  around 
each  hole.  Over  the  plate  are  laid 
eight  ribbons  (each  0.0002  inch 
thick)  of  duralumin,  parallel  to  each 
other,  with  adjacent  edges  barely 
touching.  The  ribbons  are  fastened 
at  their  ends  to  the  plate,  are  free 


to  move  loosely  toward  or  away  from 
it.  The  ribbons  act  as  one  “plate” 
of  the  condenser  microphone,  the 
insulated  plate  as  the  other.  The 
ribbon  structure  is  protected  by  cov¬ 
ering  it  with  a  second  perforated 
plate  similar  in  general  appearance 
to  the  first  but  not  so  carefully  in¬ 
sulated. 

The  principle  of  operation  is  as 
follows :  A  polarizing  voltage  of  from 
50  to  350  volts  is  applied  between 
the  electrodes;  this  voltage  may  be 
fed  to  the  microphone  over  the  same 
conductors  which  take  the  signal 
from  it,  and  is  applied  through  a  ten 


I 


1 


The  perforated  plate  must  be  carefully  insulated  to  prevent 
breakdown  under  the  effects  of  the  polarising  voltage 
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These  eight  dural  ribbons  move  in  response  to  the  sound 
pressure  gradient,  giving  velocity  response 


21 
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megohm  resistor.  Due  to  the  fact 
that  there  is  practically  no  current 
drawn  by  the  microphone,  filtering 
of  the  polarizing  voltage  is  very 
easily  accomplished  and  the  circuit 
shown  in  the  figure  usually  gives 
sufficient  filtering’even  when  the  volt¬ 
age  is  taken  dir^ly  from  the  output 
of  the  rectifier  unit,  without  passing 
through  the  usfual  filter  sections. 
The  leakage  ci^rent  through  the 
microphone  is  extremely  small,  con¬ 
siderably  less  th^n  one  microampere. 
The  effect  of  the' difference  of  poten¬ 
tial  is  to  draw ’the  ribbons  against 
the  perforated  plate,  with  an  attrac¬ 
tion  which  depends  directly  on  the 
value  of  the  polarizing  -voltage. 
When  the  sound  pressure  gradient 
acts  on  the  ribbons  they  move 
slightly  with  respect-  to  the  perfor¬ 
ated  plate,  thus  changing  the  capac¬ 
ity  of  the  system.  rThis  change  in 
capacity  produces  corresponding 
variation  in  the  charge  drawn  from 
the  polarizing  circuit;  the  resulting ' 
current  produces  a  voltage  chkpge 
across  a  high  resistance *^(5  to-  50 
megohms)  connected  in  series  with 
the  microphone,  and  this  voltage 
change  affects  the  grid  of  the  am¬ 
plifier.  The  use  of  a  large  surface 
area  in  the  unit  (4  x  11  inches)  gives 
a  large  overall  capacity,  with  result¬ 
ing  high  signal  level.  Each  perfora¬ 
tion  in  the  plate,  together  with  the 
part  of  the  ribbon  immediately  be¬ 
hind  it  acts  as  a  contributing  cell, 
the  overall  output  being  the  sum  of 
all  the  active  cells  acting  in  phase. 

Several  difficulties  were  encount¬ 
ered  in  the  development.  High  out¬ 
put  level  was  the  first;  operating 
stability  the  second.  One  of  the  most 
difficult  problems  was  securing  in¬ 
sulation  between  thg  capacity  mem¬ 
bers  which  would  withstand  the 
effects  of  moisture.  Even  small 


variations  in  leakage  resistance  in 
a  ten  megohm  circuit  can  cause  ex¬ 
tremely  troublesome  noise  levels. 
This  problem  has  been  solved  by  the 
use  of  proper  insulating  compounds; 
the  noise  level  is  far  below  signal 
output. 

The  microphone  operates  on  the 
velocity  principle,  that  is,  on  the 
difference  in  sound-pressure  exist¬ 
ing  on  the  two  sides  of  the  ribbons, 
although  there  is  probably  also  a 
small  output  due  to  pressure-type  re¬ 
sponse.  That  the  response  is  pre¬ 
dominantly  velocity-type  is  shown  by 
two  tests:  the  first  is  that  the  micro¬ 
phone  has  marked  directional  prop¬ 
erties,  the  angle  of  response  being 
somewhat  broader  than  that  of  a 
magnetic-type  velocity  unit,  but  still 
very  well  marked.  The  second  is  the 
marked  change  in  response  which 
occurs  when  the  side  of  the  micro¬ 
phone  away  from  the  speaker  is 
blocked  in  any  way. 

The  output  of  the  unit  at 
the  present  stage  of  development 
is  ’ — 53  db,  or  approximately  the 
same  as,,  that  ;of  a  diaphragm- 
operated  .  crystal  microphone.  The 
sii^l  output  is  considerably  higher 
than' that  of  magnetic-type  velocity 
microphones.  The  frequency  response 
is,  to  the  ear,  approximately  the 
same  as  that  of  a  good  magnetic 
velocity  unit,  when  moderate  polar¬ 
izing  voltages  and  cable  lengths  of 
less  than  100  feet  are  used. 

The  microphone  is,  of  course,  a 
high  impedance  unit,  working  di¬ 
rectly  into  the  grid  of  the  first 
amplifier  tube.  This  fact  makes  the 
use  of  long  lengths  of  cable 
connecting  the  microphone  to  the 
amplifier  an  obvious  problem,  the 
same  problem  in  fact  which  made 
the  use  of  head  amplifiers  imperative 
with  conventional  condenser  micro¬ 


phones.  That  the  problem  still  exists 
in  the  new  microphone  cannot  be 
denied,  but  neither  can  the  fact  that 
the  new  unit  can  be  operated  with 
four  hundred  feet  of  shielded  cable 
between  the  microphone  and  ampli¬ 
fier.  This  remarkable  performance 
has  been  obtained  in  several  ways, 
first  by  making  use  of  the  high 
output  signal  level,  and  second  by 
accentuating  the  high  frequencies, 
which  the  capacity  of  the  cable  tends 
to  attenuate.  The  high  frequency 
“boosting”  is  accomplished  by  the 
use  of  a  high  value  of  polarizing 
voltage  (about  350  volts)  which 
attracts  the  ribbons  to  the  perforated 
plate  with  great  force,  restricting 
wide-amplitude  motions  at  low 
frequencies  and  allowing  small- 
amplitude  high-frequency  motions 
to  occur  with  comparative  ease.  By 
changing  the  polarizing  voltage,  the 
high  frequency  response  can  be 
regulated  in  this  manner  by  remote 
control. 

The  fact  that  the  action  of  the 
microphone  is  electrostatic  permits 
easy  cable  shielding  and  makes  hum 
pick-up  from  electromagnetic  fields 
very  small.  In  fact  the  microphone 
and  cable  can  be  laid  directly  on  the 
power  transformer  of  the  amplifier 
unit  without  audible  hum  pick-up. 
This  treatment  would  completely 
paralyze  magnetic  units,  as  many  of 
their  users  will  testify,  since  mag¬ 
netic  shielding  is  difficult. 

Being  a  high-impedance  unit,  the 
microphone  is  not  intended  for  use 
in  the  broadcast  field,  where  low 
impedance  devices  are  usually  re¬ 
quired.  But  for  public  address  and 
sound  system  use,  where  low 
impedance  units  are  impractical 
from  a  cost  and  operation  stand¬ 
point.  the  new’  mi:rophone  should 
prove  to  be  of  considerable  value. 


Input  connections  of 
the  static  velocity  mi¬ 
crophone.  The  polar¬ 
izing  voltage  may  be 
obtained  from  any 
point  in  the  pouer 
supply 
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Sommerfelds  Formula 


Simplifications  to  the  Sommerfeld  formula  (field  strength  at  a  distance  from  a 
broadcast  frequency  transmitter)  which  make  it  easier  to  work  with  and  which  do  not 
introduce  appreciable  error 


ig  I  ^RIOR  to  1930  the  Austin-Cohen 
I  X  formula  had  been  in  general  use 
ed  I  for  studies  of  radio  transmission, 
ig  I  The  formula  has  the  advantage  of 
)w  I  simplicity  but  was  found  to  be  inac- 
ill-  I  curate  for  predicting  field  strengths 
ms  I  at  a  distance,  especially  for  high  fre- 
By  I  quencies,  or  even  medium  fre- 
;he  I  quencies  over  poor  soil, 
be  I  At  about  this  time  a  number  of  This 

ote  I  papers  began  to  appear  dealing  with  forr 

I  the  Sommerfeld  formula  and  results  Fig, 
the  I  were  shown  that  agreed  much  more 
lits  I  closely  with  actual  measurements 
lum  I  than  the  Austin-Cohen  formula,  coni 
elds  I  However,  the  use  of  Sommerfeld’s  opei 
one  I  theory  has  not  been  widespread  due  fcri 
the  I  probably  to  these  two  reasons:  first, 
ifier  I  the  Sommerfeld  formula  itself  is  not  of  - 
-up.  I  as  simple  as  the  convenient  exponen- 
itely  I  tial  Austin-Cohen  formula.  Second,  A  a 
y  of  I  Sommerfeld  uses  an  extra  variable  P*"®' 
naji-  I  which  he  calls  *,  representing  the  in-  the 
I  ductivity  or  dielectric  constant  of  ^ 
,  the  I  the  soil.  ^ 

use  I  It  is  the  purpose  of  this  article  to  ^er 
low  I  point  out  certain  simplifications  f*"® 
'  re-  I  which  may  be  used  with  the  Somer- 
and  I  feld  formula  without  introducing  an  f*'*' 

low  I  appreciable  error,  and  to  present 

ctical  I  propagation  curves  and  charts  based  ^®^ 

tand-  I  on  these  simplifications. 
hould  I  The  dielectric  constant  of  soils  in 
le.  I  this  country  varies  all  the  way  from  P*"* 

I  5  to  about  30.  The  dielectric  con- 
I  stant  of  water  is  80.  A  good  average 
I  for  nu)st  of  the  soil  in  the  country  is 
I  14.  This  has  been  used  for  the  charts 
I  presented  in  this  article.  The  error 
I  introduced  is  not  of  much  conse- 

I  quence  if  only  broadcast  frequencies 
I  are  considered. 

I  The  other  simplification  consists  of 
I  the  elimination  of  o  (which  repre- 
I  sents  the  soil  conductivity)  as  a 
I  variable.  This  may  be  done  if  we  pick 
I  some  standard  of  conductivity  and 
I  refer  all  other  conductivities  to  the 
I  standard  by  simply  changing  the  fre- 
I  quency  according  to  the  following 
formula: 
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/  =  operating  frequency 
=  standard  conductivity 
of  chart  (assumed  to 
be  100x10  15  emu 
<^i  =  actual  soil  conductivity 
/i  =  conversion  frequency 

This  formula  has  been  plotted  in  the 
form  of  a  chart  and  is  shown  in 
Fig.  1.  Its  use  is  best  explained  by 
an  example: — If  we  wanted  to  find 
the  conversion  frequency  for  a  soil 
constant  of  50  x  10  “  EMU  and  an 
operating  frequency  of  700  kc., — Re¬ 
ferring  to  Fig.  1  we  see  that  a  fre¬ 
quency  of  1000  kc.  and  soil  constant 
of  100  X  10  “  EMU  is  equivalent  to 
700  kc.  and  a  soil  of  50  x  10  “  EMU. 
A  similar  chart  has  previously  been 
prepared  by  Eckersley',  but  he  used 
the  wavelength  instead  of  frequency 
as  the  parameter. 

Figure  2  shows  a  field  strength- 
versus  distance  chart  for  a  family  of 
frequencies  from  300  kc.  to  3000  kc. 
It  is  based  on  a  standard  conduc¬ 
tivity  of  100  X  10'“  EMU  and  dielec¬ 
tric  constant  of  14  ESU  and  inverse 
field  strength  at  one  mile  of  1000 
millivolts.  The  actual  calculation  of 
such  a  chart  has  been  described  in 
previous  papers  and  the  method  fol¬ 
lowed  was  that  outlined  by  Roir. 
The  error  pointed  out  in  Rolfs 
curves  by  K.  K.  Norton*  was  cor¬ 


rected.  Beyond  about  150  miles  for 
the  low  frequencies  and  about  60 
miles  for  the  high  frequencies,  it  is 
necessary  to  include  an  earth  curva¬ 
ture  correction  because  Sommerfeld’s 
theory  is  based  on  a  flat  earth.  G.  N. 
Watson*  and  others*  have  calculated 
the  effect  of  earth  curvature  assum¬ 
ing  a  perfectly  conducting  sphere  but 
little  has  been  published  on  the  effect 
of  imperfect  conductivity  over 
spherical  earth.  The  earth  curvature 
correction  used  for  the  curves  in 
Fig.  2  is  based  on  actual  field  in¬ 
tensity  surveys  of  stations.  The 
dotted  lines  near  the  bottom  of  the 
curves  were'made  to  indicate  that  in 
this  region  an  indirect  ray  is  re¬ 
ceived  in  the  daytime  which  causes  a 
slight  fading. 

An  investigation  shows  that  the 
maximum  error  involved  in  using 
this  one  family  of  curves  for  all  soil 
constants  occurs  when  the  conversion 
formula  is  used  for  very  poor  soils. 
About  the  poorest  soil  that  will  be 
found  in  the  United  States  is  20  x 
10  “  EMU.  This  occurs  along  the 
Atlantic  seaboard.  Tlie  error  in¬ 
curred  in  using  100  x  10  “  EMU  in¬ 
stead  of  the  exact  value  is  slight.  It 
is  expressed  on  a  percentage  basis  in 
Fig.  3.  It  is  seen  that  when  using 
the  conversion  formula  for  soils  hav¬ 
ing  a  conductivity  of  60  x  10*“  EMU 
the  error  is  less  than  6%.  For 
soils  between  60  x  10*^®  EMU  and 
100  X  10*^®  EMU  the  error  will  be 


The  Sommerfeld  Formula! 
isthf  af-tenuaiion  facior 
as  giy«n  by  Sommerfeld  in 
Ann,  dor  Physik,  8!,  1926. 

If  is  fo  avoid  fhe  necessify 
of  using  fftis  highly  compli¬ 
cated  expression  that  the 
curves  of  this  oirficle  have 
been  prepared 


where  *  P®'° 

nr  .  n  I"  ■  i_ 

p  •  —  y  cos  b  =  ■g+l”  ~  s in  b 

18  / 

X  •  t.8  <r  •  10  /  f,,g 
tan  b  =  (t  +  I )/ X 


even  less.  A  maximum  error  of 
about  11%  occurs  when  using  the 
conversion  formula  for  soils  having 
a  conductivity  of  20  x  10‘“  EMU. 
Even  here  the  maximum  error  is  re¬ 
stricted  to  the  first  15  miles.  Beyond 
16  miles  the  error  is  less  than  5%. 

Figures  4,  5  and  6  were  derived 
from  Fig.  2.  Figure  4  is  helpful 
when  the  distance  to  the  i  millivolt 
contour  is  desired  and  the  inverse 
field  intensity  at  one  mile  is  known. 

Figure  5  shows  the  distance  to 
field  intensity  contours  from  100  mv. 
to  1  mv.  for  a  fixed  inverse  field  in¬ 
tensity  at  one  mile.  It  shows  dis¬ 


tinctly  the  effect  of  increased  at¬ 
tenuation  on  the  higher  frequencies. 
This  disadvantage  of  the  higher  fre¬ 
quencies  may  be  partially  overcome 
by  the  use  of  more  efiicient  antennas 
and  because  of  the  fact  that  the  noise 
level  is  less  on  the  higher  fre¬ 
quencies.* 

All  curves  are  referred  to  the  in¬ 
verse  field  strength  at  one  mile.  This 
is  the  intensity  which  would  be  pro¬ 
duced  if  no  attenuation  were  encoun¬ 
tered.  It  is  well  known  that  with 
most  installations  the  field  strength 
at  one  mile  is  seldom  equal  to  the 
theoretical.  It  may  be  as  low  as  60% 


of  the  inverse  field  in  the  case  of  > 
high  frequency  on  poor  soil.  The 
amount  of  attenuation  that  may  be 
expected  in  the  first  mile  with  dif¬ 
ferent  frequencies  is  shown  by 
Fig.  6. 

Figure  7  is  useful  for  finding  the 
inverse  field  strength  at  one  mile  for 
different  powers  and  antenna  efr 
ciencies.  The  curves  are  based  on 
antenna  installations  having  goo<l 
ground  systems  and  uniform  cross 
section  radiators.  Lower 
strength  may  be  expected  if  these 
conditions  are  not  met. 

By  means  of  these  charts  it  is  pos* 
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sible  to  rapidly  solve  almost  any 
propapation  problem.  A  typical  prob¬ 
lem  might  be  this  one:  The  distance 
to  the  i  millivolt  contour  of  a  station 
operating  on  1000  kc.  with  25  kw. 
power  is  72  miles.  The  antenna  is  a 
quarter  wave  vertical.  Find  the  soil 
conductivity  of  the  territory  served. 
Using  Fig.  7  it  is  found  that  the  in¬ 
verse  field  strength  at  one  mile  is 
940  millivolts.  From  Fig.  4  the  con¬ 
version  frequency  is  found  to  be 
1400  kc.  Using  Fig.  1  the  conduc¬ 
tivity  from  the  transmitter  to  the 
i  millivolt  contour  is  found  to  be 
50  X  10  “  EMU.  Other  uses  for  these 


charts  will  readily  suggest  them¬ 
selves. 

In  practice,  the  Austin-Cohen 
curves  and  the  Sommerfeld  curves 
have  the  same  faults — that  they  are 
applicable  only  to  a  fairly  uniform 
terrain  and  that  they  fail  to  take  ac¬ 
count  of  natural  and  artificial  irregu¬ 
larities  which  exert  a  very  marked 
influence  on  the  propagation  of 
waves.  Also,  measurements  of  field 
intensity  made  at  one  point  vary 
from  day  to  day.  Some  of  this  varia¬ 
tion  is  caused  by  changes  in  conduc¬ 
tivity  and  dielectric  constant  due  to 
changes  in  weather.  Therefore,  it 


seems  that  the  simplifications  al¬ 
though  introducing  a  slight  error, 
are  warranted  for  practical  use. 

‘  T.  L.  Eckersley  “Direct  Ray  Broadcast 
Transmission”  Proo.  IJt.B.  Vol.  20,  No.  10, 
Oct.  1932. 

*  B.  Rolf  “Numerical  discussion  of  Prof. 
Sommerfeld's  attenuation  formula  for  radio 
waves.”  Ingeniore  vetenskape  Akadamien  No. 
90  (1929)  also  “Graphs  to  Prof.  Sommerfeld's 
Attenuation  Formula  for  Radio  Waves”  Proc. 
I.R.B.  Vol.  18,  March,  1930. 

*  K.  H.  Norton  “Propagation  of  Radio  Waves 
over  a  plane  earth.”  Nature,  June  8,  1935. 

*  G.  N.  Watson  “The  diffraction  of  electric 
waves  by  the  earth”  Proo.  Roy.  Boo.  (London) 
A.  Vol.  95,  October,  1918. 

'Charles  R.  Burrows  “Radio  propagation 
over  spherical  earth”  Proo.  I.R.B.  Vol.  23,  No. 
5,  May,  1935. 

*  G.  D.  Gillett  and  M.  Eager  “Some  engi¬ 
neering  and  economic  aspects  of  radio  broad¬ 
cast  coverage”  Proo.  I.R.B.  Vol.  24,  No.  2, 
February,  1936. 
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selecting  the  high-vacuum  tube,  as 
the  grid  must  be  capable  of  with¬ 
standing  the  full  negative  peak 
voltage. 

The  above  circuit  is  not  suitable 
for  Thyratrons  (grid-controlled  rec¬ 
tifiers)  under  most  conditions  of 
operation.  The  peak  forward  volt¬ 
age  before  conduction  may  be  as 
high  as  the  peak  inverse  voltage 
when  the  grid  holds  the  Thyra- 
tron  off  until  late  in  the  positive  part 
of  the  anode  voltage  wave.  The 


Fig.  2 — Penk  voltage  menxiiring 
circuit 


peak-voltage  measuring  circuit  for 
Thyratrons  must,  therefore,  provide 
a  means  of  removing  the  forward 
I  peak  voltage  from  the  voltmeter 
I  circuit  until  conduction  occurs.  Fig- 
1  ure  4  shows  a  method  of  accompli sh- 
I  ing  this. 

I  Peak  Forward-Drop  Meter 

The  actual  peak  voltmeter  part  of 
the  circuit  is  the  same  as  in  Figure 
2.  The  anode-cathode  voltage  of  the 
tube  under  test  is  applied  to  the 
peak  voltmeter  circuit  through  i?s. 
Tube  r,  (a  low-mu  high-vacuum 
tube)  in  series  with  a  battery  B»,  is 
shunted  across  the  input  to  the  peak 
voltmeter  circuit.  The  grid  of  T, 
is  returned  to  its  cathode  through 
the  secondary  of  the  current  trans¬ 
former  CT,  whose  primary  is  in 
series  with  the  tube  under  test.  The 
polarity  of  CT  is  made  such  that 
the  grid  of  T,  is  made  negative  when 
the  tube  under  test  passes  current. 
The  glow  tube  GT  causes  the  output 
voltage  of  CT  to  be  approximately 
a  square  wave.  When  the  grid  of 
T,  is  zero  or  positive,  the  impedance 
of  T,  is  low  compared  to  the  resist¬ 
ance  of  R,;  consequently  the  grid  of 
Ty  is  held  negative  by  the  battery  B, 
even  when  rather  high  positive  volt¬ 
ages  exist  on  the  anode  of  the  tube 
under  test,  and  the  voltmeter  circuit 


will  not  indicate  these  high  anode 
voltages.  When  the  grid  of  Tj  is 
made  strongly  negative  by  the  anode 
current  of  the  tube  under  test  flow¬ 
ing  through  the  primary  of  CT,  the 
impedance  of  T,  is  very  high  com¬ 
pared  to  the  resistance  of  Bj.  The 
voltmeter  circuit  will  then  function 
normally  to  indicate  the  peak  for¬ 
ward-drop  of  the  tube  under  test, 
since  the  grid  of  Ti  does  not  draw 
current  within  the  operating  range 
of  the  voltmeter  circuit.  Capacitor 
C,  is  a  small  capacitor  with  a  high 
impedance  at  power  frequencies  as 
compared  to  resistor  B,  but  it  pre¬ 
vents  high  speed  transients  from 
affecting  the  voltmeter  circuit. 

Figure  3  illustrates  the  manner 
of  suppressing  the  forward  voltage 
before  conduction.  The  solid-line 
curve  is  the  voltage  as  impressed 
across  resistor  B,,  while  the  dotted 
section  shows  how  this  curve  is 
modified  by  T,  to  eliminate  the  for¬ 
ward  voltage  before  conduction  of 
the  tube  under  test.  The  curve 
which  includes  the  dotted  section  is 
the  shape  of  the  voltage  wave  im¬ 
pressed  on  the  grid  of  the  voltmeter 
tube  Tu 

Other  Applications 

The  forward-drop  voltmeter  for 
Thyratrons  has  proved  to  be  a  valu¬ 
able  tool  for  uses  other  than  the 
checking  of  tubes  in  permanent  in¬ 
stallations.  A  commonly  used 
method  of  “firing”  the  immersion 
ignitor  type  of  mercury  pool  tubes 
is  to  connect  the  ignitor  to  the  anode 


through  a  Thyratron  or  rectifier.  A 
positive  voltage  of  about  100  volts 
impressed  on  the  ignitor  is  required 
to  “fire”  these  pool  tubes,  conse¬ 
quently  the  forward  anode  voltage 
must  rise  to  a  voltage  slightly  in 
excess  of  this  (due  to  the  drop  in 
the  rectifier  and  current-limiting 
resistor)  before  anode  current  flows. 
The  peak  voltmeter,  which  sup¬ 
presses  this  forward  voltage  before 
fonduction  occurs,  provides  a  useful 
tool  for  measuring  the  forward  drop 
voltage  of  these  tubes  under  load. 

Editor’s  Note  —  Since  October, 
1932,  when  H.  W.  Lord  published  a 
paper  in  Electronics  entitled  “An 
electronic  timer  for  very  short  time 
intervals,”  several  articles  have  ap¬ 
peared  under  his  signature  together 
with  that  of  his  colleagues  at  the 
General  Electric  Vacuum  Tube 
Laboratory.  All  of  them  have  dealt 
with  phases  of  the  use  of  electron 
tubes  other  than  communication. 
The  list  of  these  Electronics’  articles 
follows;  it  provides  a  brief  bibliog¬ 
raphy  of  an  important  element  of  the 
electronics  art. 

“Single  tube  thyratron  inverter”, 
H.  W.  Lord  and  O.  W.  Livingston, 
April  1933. 

“Thyratron  control  of  welding  in 
tube  manufacture”,  H.  W.  Lord  and 
O.  W.  Livingston,  July  1933. 

“Electronic  multipliers  for  high 
speed  counting”,  H.  W.  Lord  and  0. 
W.  Livingston,  January  1934. 

“Shield  grid  thyratrons,”  H.  W. 
Lord  and  H.  T.  Maser,  April  1934. 
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An  End-of-life  Meter 

- ^ - 

Circuits  for  measuring  the  forward  drop  peak  voltages  of  grid-contolled  rec¬ 
tifiers,  thereby  indicating  the  approach  of  end-of-life;  or  for  measuring  these  voltages 
under  load  conditions 


By  H.  ^ .  LORD  and  O.  W.  LIVINGSTON 

General  Electric  Company 
Schenectady,  N,  Y. 


IN  equipment  utilizing  gaseous  dis¬ 
charge  tubes  it  is  desirable  to 
have  a  means  of  indicating  the  ap¬ 
proach  of  the  end  of  normal  tube 
life.  This  is  especially  true  in  the 
case  of  those  installations  that  re¬ 
quire  good  continuity  of  service. 

The  change  in  forward  drop,  due 
to  a  change  in  emission,  is  one 
indication  of  the  approach  of  the 
end  of  tube  life.  The  drop  generally 
remains  practically  constant  until 
near  the  end  of  life  when  it  in¬ 
creases,  slowly  at  first,  and  then  at 
an  increasing  rate.  A  means  of 
measuring  the  drop  at  frequent  in¬ 
tervals  while  the  tube  is  in  actual 
operation,  without  service  interrup¬ 
tion,  is  the  most  satisfactory  method 
for  obtaining  the  forward-drop 
measurements. 


There  are  several  rather  simple 
methods  available  for  measuring  the 
average  and  peak  forward-drop  volt¬ 
age  when  Phanotrons  (gaseous  rec¬ 
tifiers)  are  used.  Phanotrons  re¬ 
quire  only  that  the  measuring  circuit 
have  some  rectifying  means  which 
will  permit  the  forward  voltage  to 
register  but  will  not  allow  the  in¬ 
verse  voltage  to  affect  the  meter. 
Figure  1  shows  one  simple  method 
of  measuring  average  voltage  by  the 
use  of  a  small  rectifier  tube  and  re¬ 
sistance  in  series  with  a  d-c  micro¬ 
ammeter.  Readings  obtained  by 
such  a  method  must  be  corrected  for 
the  length  of  the  conduction  period; 
that  is,  two  tubes  with  the  same 
drop  but  conducting  for  different 
numbers  of  degrees  per  cycle  will  not 
give  the  same  meter  indication. 


This  effect  may  be  eliminated  by  us¬ 
ing  a  peak-voltage  meter. 

Peak  Forward  Voltage  Meter 
Figure  2  shows  one  type  of  peak- 
voltage  circuit.  With  no  voltage  im¬ 
pressed  across  resistor  Rt  only  suf¬ 
ficient  current  flows  through  resis¬ 
tor  Ri  to  bias  T,  (high  vacuum 
amplifier)  nearly  to  cut  off,  resistor 
Ri  having  a  resistance  of  about  one 
megohm.  When  a  voltage  is  im¬ 
pressed  across  R^  tube  To  draws  cur¬ 
rent,  and  charges  Ci  to  a  value  that 
bears  an  approximately  linear  rela¬ 
tion  to  the  positive  peak  of  the  volt¬ 
age  impressed  across  and  simul¬ 
taneously  increases  the  amplifier 
bias  so  the  grid  does  not  draw  cur¬ 
rent.  The  linear  relation  between 
the  positive  peak  impressed  across 
Rt  and  the  resulting  voltage  across 
Cl  fails  to  hold  when  the  voltage 
across  Ci  becomes  nearly  equal  to 
the  voltage  of  battery  B.  By  making 
the  time  constant  of  the  Ci,  Ri  cir¬ 
cuit  long,  compared  to  the  frequency 
of  the  circuit  being  measured,  the 
voltage  of  Cl  does  not  change  appre¬ 
ciably  between  cycles,  and  the  d-c 
microammeter  in  series  with  /?.  wiU 
indicate  the  voltage  across  Ci.  The 
magnitude  of  the  negative  peak  volt¬ 
age  has  no  effect  on  the  reading  but 
must  be  taken  into  consideration  in 
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remote  (or  desirable). 

Tests  in  numerous  locations  dur¬ 
ing  several  years  have  permitted 
the  evolution  of  a  good  working  rule 
for  the  determination  of  suitable  dial 
coverage.  With  the  AFC  rendered 
inoperative,  the  receiver  is  tuned 
through  a  signal  having  good  held 
strength  and  note  made  of  the  dial 
coverage  from  where  the  station  is 
first  heard,  through  the  station,  to 
where  the  station  is  again  inaudible. 
An  attempt  is  then  made  to  dupli¬ 
cate  this  dial  coverage  with  the  AFC 
operating  to  maintain  good  quality. 
The  station  should  snap  in  and  out 
cleanly  as  close  to  these  boundaries 
of  dial  space  as  possible.  There  will 
of  course  be  some  hysteresis;  all  sys¬ 
tems  inherently  snap  in  close  to  the 
station  and  snap  out  further  away, 
but  this  effect  may  be  minimized  by 
careful  design. 

The  discriminator  is  preferably  lo¬ 
cated  at  some  point  at  or  near  the 
output  of  the  i-f  amplifier  in  order 
to  take  full  advantage  of  all  the  i-f 
selectivity.  It  should  always  be 
driven  by  a  tube  having  pronounced 
limiter  characteristics  to  give  a  prac¬ 
tically  uniform  output  voltage  for 
any  antenna  input  signal  voltage  ex¬ 
ceeding,  say,  60  microvolts.  Since  a 
limiter  tube  is  a  notorious  generator 
of  harmonics,  the  discriminator  and 
its  leads  should  be  exposed  as  little 
as  possible.  No  type  of  discriminator 
should  be  employed  as  a  source  of 
audio-frequency  signal,  since  the  two 
diode  rectifiers  are  operating  under 
different  conditions  and  react  on  one 
another  with  rather  severe  distor¬ 
tion.  The  diodes  are  advantageously 
mounted  on  the  discriminator  shield 
can,  because  the  leads  to  the  diodes 
are  part  of  the  tuned  circuits  and 
should  be  as  definitely  placed  as  pos¬ 
sible.  Radiation  of  harmonics  is  also 
better  controlled  with  such  an  ar¬ 
rangement. 

New  Problems  for  the  Service  Man 

AFC  presents  serious  servicing 
problems  regardless  of  the  type  of 
discriminator  employed.  Since  no 
serviceman  is  expected  to  have  a 
microammeter,  alignment  of  an  AFC 
receiver  presents  a  real  problem.  One 
partial  solution  is  to  seal  the  dis¬ 
criminator  adjustments  and  instruct 
the  serviceman  to  clip  an  ordinary 
voltmeter  to  the  cathode  of  the  oscil¬ 
lator  control  tube.  Then  after  set¬ 
ting  his  test  oscillator  to  the  approxi¬ 
mate  intermediate  frequency  of  the 


receiver  and  feeding  its  output  to 
the  grid  of  the  modulator  tube,  he 
could  slowly  vary  its  frequency  until 
he  notes  a  substantial  change  in  the 
cathode  potential  of  the  control  tube. 
This  change  will  follow  the  S-shaped 
curve  of  the  discriminator  as  given 
in  Figure  2  and  at  the  crossover 
point  X  will  indicate  by  a  reversal  of 
the  voltmeter  reading  that  his  test 
oscillator  is  now  at  the  proper  fre¬ 
quency  at  which  to  align  the  i-f 
amplifier. 

Other  alignment  schemes  are  be¬ 
lieved  to  require  too  much  of  the 
average  .serviceman.  The  overcoupled 
type  of  discriminator  has  the  well 
known  difficulty  of  aligning  any  over¬ 
coupled  transformer  and  still  have 
the  crossover  frequency  exact,  and 
in  the  type  where  one  circuit  is 
tuned  above  the  intermediate  fre¬ 
quency  and  the  other  below,  the  serv¬ 
iceman  may  reverse  them  and  have  a 
signal-avoiding  receiver  in.stead  of  a 
.«!ignal-seeking  one.  The  permanency 
of  adjustment  of  a  properly  designed 
discriminator  can  in  practice  be 
made  good  enough  to  stand  repeated 
.shipments  and  stay  well  within  100 
cycles  of  its  initial  adjustment. 


The  kilocycle  separation  between 
the  peaks  A  and  B  of  the  discrim¬ 
inator  should  be  small,  since  this  ad¬ 
justment  has  an  important  bearing 
on  the  manner  in  which  the  AFC 
drops  a  station  after  the  dial  has 
been  turned  beyond  it.  A  separation 
of  4  kc.  should  be  tried  for. 

The  corrector  tube  should  be  de¬ 
signed  to  give  limited  control  of  the 
oscillator,  for  instance  7  kc.  This 
should  be  uniform  throughout  the 
broadcast  band.  Since  many  high- 
quality  stations  are  located  at  the 
low-frequency  end  of  the  band,  full 
correction  is  desirable  at  that  end. 
However,  if  there  is  more  than  this 
.same  control  around  1400  kc.,  it  may 
be  possible  to  drag  out  a  station  over 
a  number  of  channels,  and,  in  the 
case  of  pre-set  tuning,  this  might 
cause  a  channel  to  be  slipped.  The 
control  tube  should  be  designed  to 
have  about  ±  5  kc.  control  with  a 
change  of  bias  of  ±  3  volts.  If  the 
control  tube  is  made  more  sensitive 
than  this,  the  frequency  of  the  oscil¬ 
lator  will  depend  too  much  upon 
changes  in  tubes  and  line  voltage  as 
well  as  upon  aging. 

[Continued  on  page  31] 


The  author  in  his  Long  Island  City  (N.  Y.)  laboratory 
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AFC  Design  Considerations 


Automatic  control  of  oscillator  frequency  as  an  aid  to  tuning  a  modern  super¬ 
heterodyne  is  coming  into  considerable  popularity.  Mr.  White,  whose  January  1935 
paper  in  Electronics  started  the  ball  rolling,  discusses  criteria  for  design 


NOW  that  several  makes  of  re¬ 
ceivers  with  automatic  fre¬ 
quency  control  have  appeared  on 
the  market,  a  discussion  of  AFC  de¬ 
sign  problems  might  be  of  interest. 
A  brief  paper  on  one  system  ap¬ 
peared  in  Electronics  for  January, 
1935,  and  these  remarks  are  given 
as  the  result  of  continuous  intensive 
development  since  that  time.  Briefly, 
AFC  is  accomplished  by  monitoring 
the  intermediate  frequency  of  a  su¬ 
perheterodyne  receiver  by  means  of 
a  “director”  or  “discriminator.” 
This  unit  in  turn  regulates  the  op¬ 
eration  of  a  correcting  device  which 
changes  the  oscillator  frequency  in 
the  proper  sense  and  degree  to  sub¬ 
stantially  compensate  for  inaccura¬ 
cies  in  the  manual  adjustment  of  the 
receiver. 

The  first  object  of  AFC  is  to  pro¬ 
duce  a  receiver  incapable  of  distor¬ 
tion  due  to  mis-tuning.  Assuming 
a  receiver  with  medium  high  fidelity, 
capable  of  reasonably  good  response 
out  to  6000  cycles  with  sharp  cut¬ 
off  beyond,  let  us  consider  first  its 
action  in  the  broadcast  band  on  a 
signal  of  good  field  strength.  As 
we  detune  such  a  receiver,  only  very 
slight  distortion  can  be  noted  until 
about  3  kc.  from  resonance.  The 
most  noticeable  effect  is  then  a  loss 
of  the  higher  frequencies  due  to  the 
attenuation  of  one  sideband.  This 
loss  is  most  pronounced  when  the  re¬ 
ceiver  is  mistuned  about  5  kc.  Then 
a  more  serious  type  of  distortion  pre¬ 
dominates,  and  at  about  7  or  8  kc. 
off  resonance  becomes  highly  notice¬ 
able.  This  is  due  to  fairly  good  re¬ 
ception  of  one  set  of  sidebands  ac¬ 
companied  by  partial  suppression  of 
the  carrier,  giving  an  approximation 
of  single  sideband  reception,  which. 
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Fig.  I  (above)  Block  diagram  of 
AFC 

Fig.  2  Discriminator  curve 


unless  the  carrier  be  re-introduced, 
is  very  distorted  indeed.  Mistun- 
ing  of  course  introduces  some  distor¬ 
tion  due  to  differentially  phasing  the 
sidebands  to  the  carrier,  but  the  ma¬ 
jor  effects  have  been  verified  experi¬ 
mentally  to  be  as  outlined  above. 

Since  all  systems  of  AFC  in  prac¬ 
tice  control  the  oscillator  frequency 
only,  two  questions  must  be  an¬ 
swered  before  the  design  can  be  ini¬ 
tiated.  The  questions  are  (1)  how 
close  to  exact  resonance  is  the  inter¬ 
mediate  frequency  to  be  held,  and 
(2)  what  dial  space  is  a  local  station 
to  be  permitted  to  cover? 

Many  tests  indicate  no  noticeable 
distortion  on  a  medium  high  fidelity 
receiver  unless  it  is  detuned  at  least 
1.5  kc.  In  practice  frequency  cor¬ 
rection  to  within  one  kilocycle  of  ex¬ 
act  resonance  is  about  the  best  that 
can  be  realized  under  most  condi¬ 
tions.  One  problem  to  be  met  is  fre¬ 


quency  drift  in  the  i-f  amplifier  it¬ 
self,  and,  of  even  greater  importance, 
in  the  discriminator  of  the  AFC  sys¬ 
tem  due  to  age,  heat  or  humidity. 
Best  design  to  reduce  such  drift  in¬ 
cludes  using  the  most  stable  circuit 
elements  possible  and  designing  all 
elements  with  identical  coils  and  ca¬ 
pacitors,  in  order  that  the  i-f  ampli¬ 
fier  and  the  discriminator  will  drift 
together. 

Dial  coverage  of  a  given  signal  can 
be  made  as  large  as  desired,  but  the 
practical  limits  are  fairly  well  de¬ 
fined.  The  pre-selector  portion  of 
the  receiver  is  uncontrolled  and 
should,  therefore,  have  a  band-pass 
characteristic  with  a  flat  top  about 
15  kc.  wide.  Since  this  cannot  often 
be  realized  in  practice,  it  is  neces¬ 
sary  to  design  around  the  usual 
single  r-f  stage  which  has  consider¬ 
able  selectivity  at  the  low-frequency 
end  of  the  broadcast  band,  and  much 
less  at  the  high-frequency  end.  If 
the  r-f  stage  is  permitted  to  be  seri¬ 
ously  mistuned,  the  peak  resonant 
gain  of  the  r-f  stage  is  lost,  with  the 
result  that  the  AVC  lessens  its  con¬ 
trol  in  order  to  maintain  the  overall 
gain  of  the  receiver  nearly  constant 
on  the  channel  of  the  desired  signal. 
However,  the  r-f  peak  is  now  in 
another  channel  and  its  re.sonant 
gain  on  this  channel  is  very  high 
due  to  the  lessened  control  of  the 
AVC,  so  that  serious  cross  modula¬ 
tion  and  “birdies”  can  occur.  This 
is  especially  undesirable  if  the  r-f 
stage  happens  to  align  with  a  chan¬ 
nel  having  serious  flutter  due  to  two 
stations  heterodyning  on  the  same 
channel.  In  the  Chicago  district  on 
a  winter's  night,  for  example,  there 
may  be  25  such  fluttering  channels, 
indicating  that  this  risk  is  far  from 
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A  6L6  Amplifier 

The  new  beam  power  tube  used  in  a  degenerative  amplifier  circuit  to  provide 
high  power  output,  variable  frequency  compensation,  and  low  harmonic  distortion 


IN  a  discussion  of  high  quality 
reproduction,  it  is  significant  to 
recall  experiments  conducted  a  few 
years  back  by  the  Bell  Telephone 
Laboratories  involving  wire  trans¬ 
mission  of  symphonic  music  between 
Philadelphia  and  Washington  in 
which  it  was  demonstrated  that  un¬ 
der  the  proper  electrical  and  acous¬ 
tical  conditions  it  was  possible  to 
achieve  a  greater  degree  of  emo¬ 
tional  excitation  and  satisfaction 
through  the  medium  of  the  loud¬ 
speaker  than  would  have  been  de¬ 
rived  from  hearing  the  original  per¬ 
formance  directly  through  the  air. 

In  addition  to  much  valuable  re¬ 
search  on  the  acoustical  side,  a  great 
deal  of  attention  was  devoted  to  the 
necessarily  exacting  requirements 
relative  to  frequency  band-width  and 
amplifier  capacity  essential  to  so  high 
a  degree  of  tonal  fidelity.  It  was 
found  necessary  to  transmit  without 
appreciable  attenuation  the  frequen¬ 
cies  between  40  and  15,000  cycles  to 
reproduce  with  their  natural  qual¬ 
ities  the  sounds  of  the  various  in¬ 
struments  used  in  music.  The  fre¬ 
quencies  above  12,000  were  found  im¬ 
portant  in  their  contribution  to 
naturalness,  spatial  effect  and  bril¬ 
liance  of  definition. 

Sharing  equal  importance  is  the 
dynamic  range  or  power  handling 
capacity  of  the  amplifier,  particu¬ 
larly  in  the  output  stage.  It  has 
been  determined  that  this  range 
should  be  ample  to  accommodate, 
without  overloading  of  any  part,  the 
largest  volume  swings  of  a  full  sym¬ 
phony  orchestra  up  to  the  highest 
intensity  level  which  the  ear  can 
physically  tolerate  in  the  room  where 
the  reproduction  is  to  take  place. 
This  means,  with  present-day  speaker 
efiiciencies,  an  electrical  output, 
without  noticeable  distortion,  of  at 
least  twenty  watts  of  power  for  the 
average  large  living-room,  an  output 
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definitely  beyond  the  capabilities  of 
any  pair  of  receiving-set  power  tubes 
in  push-pull — until  the  arrival  of  the 
6L6. 

With  a  pair  of  the  last-named 
tubes  in  a  simple,  self-biased  ar¬ 
rangement  producing  approximately 
34  watts  of  substantially  distortion 
free  power  as  a  nucleus,  a  complete 
redesign  of  a  laboratory  audio  sys¬ 
tem  was  made  incorporating  stabil¬ 
ized  feedback  on  the  output  side,  and 
using  a  special  input  amplifier  where¬ 
in  the  high  and  low  ends  of  the  fre¬ 
quency  spectrum  could  independently 
be  either  raised  or  depressed  at  will. 
This  feature  is  very  useful  in  allow¬ 
ing  the  depth  and  brilliance  of  even 
the  latest  high-fidelity  recordings  to 
be  markedly  improved,  and  also  al¬ 
lows  the  character  of  needle  scratch 
to  be  varied  to  a  less  objectionable 
type. 

This  input  amplifier  consists  of 


two  stages  using  metal  tubes,  the 
first,  a  6J7,  having  as  its  plate  load 
the  high  and  low  frequency  resonat¬ 
ing  inductances,  either  of  which  may 
be  individually  tuned  to  a  desired 
frequency  by  shunt  condensers  of 
different  values,  selected  by  a  tap 
switch.  A  5000  ohm  variable  re¬ 
sistor  in  series  with  the  two  coils 
controls  the  middle  register,  while  a 
50,000  ohm  unit  shunts  each  induc¬ 
tance  and  regulates  the  height  of 
the  resonance  curves,  acting  also  as 
a  damping  resistor. 

The  compensating  stage  is  resist¬ 
ance-capacity  coupled  to  a  6C5  triode, 
which  fulfills  the  two-fold  function 
of  amplifier  and  line  coupling  tube, 
feeding  into  a  laboratory-grade  plate- 
to-line  transformer,  with  a  specially 
shielded  case  having  five  times  the 
normal  magnetic  shielding  effect  of 
cast  iron.  A  line  attenuator  inter¬ 
posed  between  the  pre-amplifier,  and 
its  following  output  power-amplifier- 
unit  controls  the  volume  of  the  entire 
system. 

The  variable  compensation  ampli- 
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6er,  in  a  glass  tube  version,  and  with 
other  minofr  differences,  was  devel¬ 
oped  by  Alfred  W.  Barber  for  use  at 
high-fidelity  station  W2XR,  and  was 
described  by  him  in  Electronics,  No¬ 
vember  1935. 

The  compensation  amplifier  built 
by  the  writer  is  housed  in  an  indi¬ 
vidual  dural  case,  and  is  powered  by 
a  separate  supply  incorporating  an 
84  type  rectifier.  This  feature  al¬ 
lows  the  complete  separation  of  the 
units  if,  and  when,  for  any  reason  it 
is  so  desired. 


The  input  transformer  of  the  main 
amplifier  is  -  a  multiple  line-to-two- 
grids,  and  feeds  a  pair  of  6F6’s, 
triode  connected.  These  are  parallel 
fed  into  the  interstage  transformer 
which  couples  them  to  the  6L6  beam- 
power  tubes.  One  of  the  interesting 
features  of  this  stage  is  the  method 
of  obtaining  the  feedback  voltage. 
The  output  transformer  has  two  taps 
10  per  cent  off  center  on  the  pri¬ 
mary  side.  Coupling  is  made  from 
the.se  taps  back  to  the  grids  of  the 
6L6’s. 


This  results  in  a  50  per  cent  re¬ 
duction  in  power  sensitivity,  but  a 
simultaneous  reduction  in  distortion 
and  modulation  products,  with  a 
large  decrease  in  effective  plate  re¬ 
sistance. 

The  6L6G  tubes  of  Raytheon  were 
used  by  the  writer  in  the  experi¬ 
mental  tests  and  have  glass  instead 
of  metal  envelopes.  Otherwise  they 
are  identical  with  the  6L6’s. 

It  will  be  observed  that  6F6’s  are 
used  in  a  position  where  ordinarily 
6C5’s  are  considered  satisfactory. 
However,  the  6F6  tubes  are  run  so 
far  below  their  normal  working  ca¬ 
pacity  that  the  possibility  of  har¬ 
monic  distortion  from  overloading  in 
this  stage  is  practically  non-existent. 
Furthermore,  their  use  provides  a 
comparatively  low  source  impedance 
for  the  next  stage,  a  desirable  fea¬ 
ture  from  the  standpoint  of  fre¬ 
quency  response  and  stability.  And 
finally,  if  it  is  desired  to  obtain  the 
full  60  watts  possible  from  the  6L6’s, 
the  only  necessary  change  is  the  sub¬ 
stitution  of  a  larger  output  trans¬ 
former,  and  the  use  of  fixed  bias  on 
the  grids. 


AFC  Design  Considerations  [Continued  from  page  29] 


The  high-resistance  line  from  the 
output  of  the  discriminator  to  the 
grid  of  the  oscillator  control  tube 
should  be  designed  to  have  a  time 
constant  of  the  order  of  25  millisec¬ 
onds.  If  too  high  a  time  constant  is 
used  the  action  will  be  erratic  and 
sluggish,  since  the  charge  acquired 
by  the  filter  capacitor  while  tuning 
through  a  station  remains  for  some 
time,  and  is  effective  on  the  gri^  of 
the  control  tube,  causing  mis-track- 
ing  of  the  oscillator  with  the  dial. 

AFC  is  no  cure-all  for  oscillator 
drift.  For  example,  at  the  high- 
frequency  end  of  the  broadcast  band 
the  user  may  mistune  the  receiver 
nearly  to  the  limit  when  it  is  first 
turned  on  with  the  result  that,  if  the 
drift  of  the  oscillator  is  in  the  wrong 
direction,  the  station  may  be  dropped 
ns  the  receiver  warms  up. 

Short-wave  performance  of  an 
AFC  receiver  is  very  striking  on  first 

1  acquaintance.  The  main  point  in  de¬ 
sign  is  to  place  a  reasonable  limit 
of  control  on  the  oscillator  frequency. 


However,  long  experience  indicates 
that  all  systems,  depending  as  they 
must  on  the  presence  of  a  carrier  on 
which  to  lock,  must  fail  when  the 
carrier  fails.  In  foreign  reception 
this  temporary  failure  of  the  carrier 
is  such  a  usual  thing  that  AFC  is 
subject  not  only  to  dropping  the  sta¬ 
tion  desired,  but  also  perhaps  to 
swinging  over  and  picking  up 
another.  This  effect  is  aggravated 
by  user  reaction,  since  dial  move¬ 
ment  representing  a  short-wave 
channel  is  so  slight  that  the  user 
takes  full  advantage  of  the  oppor¬ 
tunity  for  careless  tuning,  and  this 
frequently  brings  the  dial  to  rest 
near  the  signal  dropping  point. 

A  properly  designed  AFC  receiver 
providing  a  definite  dropping  of  the 
signal  without  warning  in  the  form 
of  noticeable  distortion  gives  a  shock 
to  the  average  user  because  of  the 
sudden  transition  from  a  high- 
quality  signal  to  the  noise  present 
on  an  unoccupied  channel.  It  will 
be  found  desirable,  therefore,  to  in¬ 


corporate  an  inter-channel  noise 
suppression  system  to  give,  in  colh- 
bination  with  AFC,  a  receiver  in¬ 
capable  of  producing  disagreeable 
sounds. 

The  advantages  of  properly  de¬ 
signed  AFC  can  scarcely  be  over-esti¬ 
mated.  There  will  always  be  people 
in  every  home  unable  or  unwilling  to 
discipline  their  tuning  to  take  full 
advantage  of  at  least  medium  high- 
fidelity  reception.  A  receiver  having 
a  dial  coverage  from  audibility  to 
audibility  on  a  local  station  of  30 
kc.  must  be  tuned  to  it  1  kc.,  with  the 
result  that  only  about  seven  per  cent 
of  that  dial  space  represents  good 
reception.  With  proper  AFC  the 
range  of  good  reception  can  be  made 
100  per  cent  with  sharp  cut  off  at 
each  end,  a  gain  of  16  times.  This 
improvement  is  greater  and  more  ob¬ 
vious  than  any  improvement  in  the 
art  in  recent  years,  and  is  of  full 
advantage  in  the  day-by-day  listen¬ 
ing  to  the  local  stations  which  con¬ 
stitute  99  per  cent  of  radio  listening. 


I  electronics  —  September  1936 


31 


Views  and  Reviews 


else  style  which  inspires  much  conh-  to  essential  metallographic  principles 

dence  in  this  reviewer,  and  it  should  and  the  other  to  the  high  vacuum  tech- 

have  the  same  effect  on  the  student  for  nique  of  metals.  The  work  is  pro- 

which  the  volume  is  intended.  This  fusely  illustrated.  There  are  over  400 

conciseness,  of  course,  makes  a  good  graphs,  diagrams  and  photographs  in 

teacher  necessary  for  the  student  who  addition  to  119  tables,  many  of  which 

is  more  or  less  ignorant  of  the  field,  present  quantitative  data.  In  addi- 

but  any  good  text  should  be  written,  as  tion,  there  is  a  well  arranged  bib- 

this  one  is,  with  the  instructor’s  func-  liography  of  some  850  references  and 

tion  clearly  in  mind.  a  complete  subject  index. 

The  authors  have  succeeded  admir¬ 
ably  in  accomplishing  their  purpose, 
having  produced  a  well  written,  thor¬ 
oughly  up-to^ate  compilation  from 
widely  scattered  sources,  in  a 
field  which  has  been  conspicuous  by  its 
lack  of  accessible  literature.  The  book 
is  highly  recommended  as  a  valuable 
asset  to  vacuum  tube  engineers  and 
research  physicists,  as  well  as  a  useful 
reference  for  other  workers  in  the  field 
of  high  vacuum  technology — H.H. 


Principles  of 
Radio  Engineering 

By  R.  S.  GLASGOW,  Associate  Pro¬ 
fessor  of  Electrical  Engineering, 
Washington  University.  McGraw- 
Hill  Book  Company,  New  York,  19S6. 
(520  pages,  price  $^.00). 

This  well-written  and  well-produced 
volume  is  the  latest  of  the  “Electrical 
Engineering  Texts”  the  standard  series 
(including  such  authors  as  Dawes, 
Lawrence,  Laws,  Langsdorf  and  Chaf¬ 
fee)  on  which  so  many  of  the  present 
generation  of  electrical  engineers  were 
brought  up,  and  it  maintains  the  high 
standard  of  its  predecessors.  In  many 
ways  it  resembles  the  books  by  Terman 
and  Everitt,  but  it  includes  consider¬ 
able  information  on  the  newer  develop¬ 
ments  in  the  field  which  the  older  books 
lack. 

The  author  assumes  a  knowledge  of 
the  fundamentals  of  electricity  and 
magiietism,  and  there  has  been  no  at¬ 
tempt  to  avoid  mathematical  demon¬ 
strations,  free  use  being  made  of  cal¬ 
culus  and  graphical  methods  through¬ 
out  the  book.  In  general,  an  excellent 
balance  between  the  theoretical  and  the 
practical  has  been  found,  although  the 
theory  of  the  subject  is  naturally  the 
basis  of  the  work.  This  fact  does  not 
prevent  the  author  from  revealing  such 
interesting  information  as  the  normal 
leakage  current  per  microfarad  in  wet 
electrolytic  condensers,  and  similar 
practical  items. 

The  book  opens  with  a  concise  state¬ 
ment  of  the  principles  of  alternating 
current,  proceeds  to  the  properties  of 
resonant  circuits  (which  are  completely 
handled)  and  reverts  to  the  practical 
with  a  chapter  on  the  properties  of 
coils  and  condensers.  Following,  chap¬ 
ters  on  coupled  and  oscillating  circuits 
lead  to  a  consideration  of  vacuum  tubes 
and  their  circuits.  Chapter  VI,  on  the 
fundamentals  of  vacuum  tubes,  man- 
a‘g:es  to  crowd  a  great  deal  of  informa¬ 
tion  into  35  pages,  while  much  more 
extensive  treatments  of  audio  and  radio 
frequency  amplifiers  follow.  A  single 
chapter  of  seven  pages  on  the  Input 
Impedance  of  a  Triode  puts  worth¬ 
while  emphasis  on  this  topic.  Oscil¬ 
lators,  r-f  power  amplifiers,  modula¬ 
tion  theory  and  practice,  and  a  chapter 
on  detection  are  included.  The  newer 
developments  in  receiving  systems  are 
covered  in  a  separate  chapter,  and  a 
highly  informative  section  on  antennas 
and  wave  propagation  closes  the  book. 
Separate  detailed  treatment  of  trans¬ 
mitting  systems  has  been  omitted,  prob¬ 
ably  purposefully,  but  much  informa¬ 
tion  on  transmitting  practice  is  in¬ 
cluded  in  the  sections  on  modulation 
and  r-f  power  amplifiers. 

The  author  writ^  with  a  clear,  con- 


W  erkstoffkunde  Der 
Hochvakuumtechnik 


By  W.  ESPE  and  M.  KNOLL,  (Afo- 
terials  of  High  Vacuum  Technol¬ 
ogy).  Published  by  Julius  Springer, 
Berlin.  (SSS  pages,  with  405  fig¬ 
ures.)  Price  bound,  48  German 
Marks. 

The  authors,  both  German  physicists 
of  note,  have  undertaken  in  this  work 
to  present  a  comprehensive  treatment 
of  the  properties,  applications  and 
methods  of  fabrication  of  materials 
suitable  for  vacuum  tube  construction. 
Such  highly  specialized  requirements 
as  ease  of  degassing,  low  vapor  pres¬ 
sure,  rigidity  at  high  temperatures, 
thermionic  work  function,  thermal 
emissivity  and  many  others,  must  be 
carefully  considered  in  the  selection  of 
materials  for  high  vacuum  and  gase¬ 
ous  discharge  tubes.  Insofar  as  pos¬ 
sible,  this  book  replaces  qualitative  and 
empirical  considerations  with  quanti¬ 
tative  data. 

In  the  interest  of  a  systematic  pres¬ 
entation,  the  authors  have  chosen  to 
devote  separate  chapters  to  each  of 
the  important  materials,  treating  the 
properties  and  processing  from  the 
raw  material  to  the  finished  tube  part. 
Especial  attention  is  given  to  the  ap¬ 
plications  of  each  important  material. 
This  is  a  logical  arrangement  and 
results  in  an  easily  accessible  disposi¬ 
tion  of  the  subject  matter.  A  consid¬ 
erable  portion  of  the  book  is  devoted 
to  metals  and  their  alloys.  There  are 
additional  chapters  on  graphite,  glass, 
mercury,  quartz,  ceramics,  mica,  seal¬ 
ing  waxes  and  cements,  luminescent 
materials,  gases  and  vapors,  and  bas¬ 
ing  cement.  Since  tube  parts  must  be 
capable  of  withstanding  high  tempera¬ 
tures  during  manufacture  and  opera¬ 
tion,  special  consideration  is  given  to 
thermal  data,  crystal  structure  changes 
and  chemical  reactions  at  high  tem¬ 
peratures.  These  chapters  are  sup¬ 
plemented  with  sections  dealing  with 
combinations  of  materials  where  mu¬ 
tual  effects  are  of  importance,  suck  as 
getters,  thermionic,  photo  and  cold 
cathodes  and  vacuum-tight  seals.  Two 
special  chapters  comprise  the  re¬ 
mainder  of  the  book;  one  is  devoted 


Television  with 
Cathode  Rays 

By  ARTHUR  H.  HALLORAN.  Pacife 
Coast  Radio  Publishing  Company, 
San  Francisco.  Published  in  loose- 
leaf  form.  (Price  $2.75). 

Despite  the  considerable  amount  of 
information  which  this  volume  con¬ 
tains,  it  cannot  be  recommended  as 
revealing  the  full  story  of  cathode  ray 
television.  Before  any  book  can  lay 
claim  to  such  completeness,  the  leading 
experimenters  both  in  this  country  and 
abroad  must  be  willing  to  release  much 
more  information  on  circuits  than  is 
now  available.  Because  of  this  scarcity 
of  information  the  author  has  found  it 
necessary  to  go  somewhat  far  afield 
(for  example,  a  good  deal  of  space  is 
taken  up  with  the  description  of  the 
uses  of  the  cathode  ray  tube  in  measure¬ 
ments  and  in  the  aligning  of  radio  re¬ 
ceivers)  but  the  theory  of  cathode  ray 
tubes  and  of  their  use  in  television 
work  is  clearly  exp<)unded.  Chapters 
on  electron  optics,  general  radio  theory 
and  cathode  ray  accessory  apparatus 
are  included  so  that  the  reader  is  pro¬ 
vided  with  the  necessary  background. 
Both  Farnsworth  and  RCA  Systems 
seem  to  be  treated  with  impartiality, 
and  most  of  the  available  information 
has  been  included. 

The  book  is  a  worth-while  compils- 
tion  of  information  on  cathode  ray 
technique  in  general  and  it  goes  as  far 
as  is  humanly  possible  in  describing 
television  applications.  It  will  be  sup¬ 
plemented  from  time  to  time  with  ad¬ 
ditional  data  (the  book  is  in  loose-leaf 
form)  which  may  reveal  more  of  the 
actual  details  of  television  practice. 
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PATENTS  PRACTICE  ESSENTIALS 


. A  statement  of  often  misunderstood  terms 

used  in  patent  office  work,  such  as  the  meaning  of 
“invention”  and  the  rights  of  the  inventor,  compiled 
for  reference  use  by  inventive  engineers 


[  I 


By  THAD  R  GOLDSBOROUGH 


Pmimmt  Attcm^y 

WmMhiMgtom,  D,  C. 


Although  the  subject  of  patents  is  a  dry 
one,  uninteresting  to  the  majority  of  us,  it 
is  one  about  which  every  engineer  should  be 
more  or  less  informed.  In  a  short  article,  such 
as  this,  only  a  few  of  the  high  points  can  be 
touched,  of  course,  but  they  may  possibly  be  of 
future  value  to  the  reader  who  is  of  an  inventive 
turn  of  mind. 

A  patent  is  a  grant,  by  the  Government,  of 
the  exclusive  right  to  make,  use  and  sell  the 
patented  device,  throughout  the  United  States 
and  territories,  for  a  term  of  seventeen  years. 
The  grant  is  divisible;  it  covers  making,  or  using, 
or  vending.  The  owner  of  the  patent  may  give 
licenses  under  each  phase  of  the  grant,  or  he  may 
divest  himself,  wholly  or  in  part,  of  the  several 
rights,  in  favor  of  separate  assignees. 

Our  modem  patent  system  is  based  upon  a 
clause  in  the  Constitution  reading  as  follows: 

“Congress  shall  have  power  to  promote  the 
progress  of  science  and  useful  arts,  by  securing 
for  limited  times  to  authors  and  inventors  the 
exclusive  right  to  their  respective  writings  and 
discoveries.” 

Many  statutes  have  been  enacted  by  Congress 
to  carry  into  eflfect  the  Constitutional  provision, 
of  which  Section  4886  is  basic.  This  section 
reads,  in  part,  as  follows: 

“Any  person  who  has  invented  or  dis¬ 
covered  any  new  and  useful  art,  machine,  manu- 
fcwture,  or  composition  of  matter,  or  any  new 
and  useful  improvements  thereof,  not  known  or 
used  by  others  in  this  country,  before  his  inven¬ 
tion  or  discovery  thereof,  and  not  patented  or 
described  in  any  printed  publication  in  this  or 
any  foreign  country,  before  his  invention  or  dis¬ 
covery  thereof  or  more  than  two  years  prior  to 
his  application,  and  not  in  public  use  or  on  sale 
in  this  country  for  more  than  two  years  prior  to 
his  application,  unless  the  same  is  proved  to  have 
been  abandoned,  may,  upon  pa/yment  of  the  fees 
required  by  law,  and  other  due  proceedings  had, 
obtain  a  patent  therefor.” 


In  the  quoted  section  of  the  statutes,  and  in 
the  wording  of  the  patent  grant,  appear  the 
significant  words  “invented”  and  “invention.” 
Around  these  words  centers  the  major  part  of 
our  friendly  conflict  with  the  Patent  Office  when 
we  are  trying  to  obtain  a  patent.  Just  what  is 
an  “invention”?  What  is  the  act  of  inventing? 

Fortunately,  as  will  later  be  pointed  out,  “in¬ 
venting”  has  been  given  a  judicial  definition,  but 
"invention”  cannot  be  described  in  positive  terms, 
though  many  eminent  jurists  have  tried  to  do  so. 
At  best,  we  can  only  say  what  negatives  inven¬ 
tion  and  if  any  of  the  negative  tests  are  answered 
it  is  presumed  that  no  invention  has  been  made. 

What  Invention  is  Not? 

IN  THE  FIRST  PLACE,  it  is  not  invention  to 
produce  a  process,  machine,  composition  of 
matter,  or  design  which  anyone  skilled  in  the 
art  to  which  it  pertains  would  produce  were  the 
problem  placed  before  him.  Again,  it  is  not  in¬ 
vention  to  produce  an  article  which  differs  from 
prior  articles  only  in  excellence  of  workmanship. 

Further,  it  is  usually  not  invention  to  substi¬ 
tute  superior  for  inferior  materials,  nor  is  it  con¬ 
sidered  invention  to  make  two  devices  unitary 
which  heretofore  have  been  separate,  and  vice 
versa.  It  is  not  invention  to  so  enlarge  and 
strengthen  a  machine  that  it  will  operate  on 
larger  materials  than  before  and,  in  general,  it 
is  not  invention  to  lift  a  machine  or  a  circuit 
from  one  art  and  adapt  it  to  use  in  another  art. 

It  is  not  invention  to  omit  or  to  duplicate  a 
part  of  a  prior  machine  or  circuit  unless  the 
omission  or  duplication  gives  rise  to  a  new  mode 
of  operation;  nor  is  it,  in  general,  invention  to 
substitute  equivalents  in  prior  devices  which  do 
not  change  the  function  of  the  apparatus  or 
system. 

Again,  it  has  been  held  that  no  invention  is 
involved  in  using  an  old  process,  machine,  manu¬ 
facture,  composition  of  matter,  or  design  for  an 
analogous  purpose.  If  the  purpose  is  new  and 
non-analogous,  however,  there  may  be  sufficient 
basis  for  a  valid  patent. 

Last,  but  not  least,  it  is  not  invention  to  bring 
together  aggregatively  a  number  of  separate  ma- 
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chines  or  devices  each  of  which  operates  inde¬ 
pendently  of  the  others  and  which  contributes 
only  its  own  function  to  the  complete  assemblage. 
This  last  mentioned  negative  test  for  invention 
is  known  as  “aggregation”  and  it  is  the  one 
which  is  hardest  to  convince  the  average  inventor 
that  he  escapes. 

Tests  for  Invention 

LL  INVENTIONS  must  be  new.  That  is  to 
say,  they  must  not  have  been  known  or  used 
in  this  country  before  the  alleged  invention  or 
discovery,  nor  patented  or  described  in  a  printed 
publication  more  than  two  years  prior  to  the  date 
of  the  patent  application  nor  on  public  sale  more 
than  two  years  prior  to  the  application  day. 

There  is  a  further  test  for  invention  which  is 
very  important,  and  that  is,  is  the  device  “use¬ 
ful”?  Utility,  from  the  patent  standpoint,  does 
not  necessarily  mean  that  the  invention  is  such 
a  wonderful  advance  that  it  will  immediately 
supplant  all  others  in  the  field,  but  at  least  it 
must  be  “useful”  in  the  sense  that  it  is  operative 
for  the  intended  purpose,  is  not  contrary  to 
morals,  is  not  subversive  of  justice  or  the  like, 
and  is  not  a  gambling  device.  Some  things  must 
be  more  useful  than  others,  in  the  patent  sense, 
if  a  valid  patent  is  to  be  obtained.  For  example, 
it  has  been  held  that  an  adding  machine  must  be 
100%  perfect  while,  on  the  other  hand,  a  simple 
device  like  a  toy  need  be  useful  only  in  that  it 
affords  amusement  to  the  child  to  whom  it  is 
given. 

Whnt  Good  is  a  Patent? 

ANY  ENGINEERS  and,  in  fact,  the  public 
in  general,  are  under  the  impression  that 
a  patent  gives  them  permission  to  make  the 
patented  article.  Such  is  not  the  case,  however. 
A  patent  confers  nothing  more  or  less  than  the 
right  to  prevent  others  from  using  the  invention 
defined  by  the  claims  and  confers  no  right  upon 
the  patentee  other  than  the  right  to  go  into 
Court  and  sue  for  infringement.  Substantially 
every  patent  is  dominated  by  numerous  patents 
which  have  been  issucxl  in  the  past  and  which  have 
not  yet  expired.  In  other  words,  assuming  that 
you  have  a  patent  on  a  new  radio  circuit,  this 
would  not  permit  you  to  manufacture  the  device 
if,  for  example,  the  system  employed  is  covered 
by  older  patents.  You  could,  however,  prevent 
the  owners  of  those  prior  patents  from  using 
your  own  patented  improvement. 

Who  Can  Get  a  Patent? 

NYONE,  regardless  of  age  or  nationality, 
who  first  makes  an  invention  which  meets 
the  tests  of  novelty  and  utility  can  take  out  a 
patent,  if  the  other  statutory  requirements  as  to 
publication,  public  use,  etc.  are  satisfactorily 
met.  One  does  not  even  necessarily  have  to  be 


of  sound  mind  in  order  to  take  out  a  patent.  It 
has  been  stated  that  a  few  inventors  and  most 
patent  attorneys  are  a  wee  bit  “cracked”  but,  as 
you  see,  that  doesn’t  matter.  Even  the  ladies 
were  permitted  to  take  out  patents  long  prior 
to  the  19th  Amendment,  and  they  hold  many 
valuable  patents  at  the  present  time. 

Although  the  Irishman  who  just  came  over 
here  from  the  old  country  believed  that  his  com¬ 
patriot  “Pat.  Pending”  owned  all  of  the  new 
articles  which  he  saw  on  the  market,  it  is  really 
the  aim  of  the  Government  to  give  a  patent  only 
to  the  person  who  legally  is  the  first  inventor. 
Practically  every  basic  invention  has  been  claimed 
by  more  than  one  person,  with  the  result  that 
many  bitterly  contested  “Interferences”  are 
sometimes  necessary  before  a  patent  is  granted 
to  the  inventor  who  has  established  his  legal 
priority. 

The  term  “conception  of  invention”  is  puzzling 
to  most  people.  It  simply  means  the  mental  pic¬ 
ture  of  complete  means  whereby  a  certain  result 
may  be  obtained.  Conception  is  not  the  realiza¬ 
tion  of  a  want.  It  is  the  realization  both  of  the 
want  and  of  the  specific  means  whereby  the  want 
may  be  satisfied.  In  interference  proceedings, 
the  date  of  conception  of  the  invention  is  best 
evidenced  by  the  inventor’s  drawings,  his  written 
disclosures,  or  his  discussions  with  others. 

Do  Not  Hide  Your  Invention 

IT  IS,  therefore,  often  advisable  to  disclose  im¬ 
mediately  to  friends  any  invention  which  you 
may  happen  to  make  irrespective  of  your  opinion 
as  to  its  importance.  That  is,  as  soon  as  you 
have  mentally  visualized  means  whereby  a  cer¬ 
tain  desirable  result  may  be  obtained,  imme¬ 
diately  tell  some  reliable  person  or  persons  what 
you  propose  to  do  and,  if  possible,  make  a  written 
description  of  your  idea  as  soon  thereafter  as 
convenient.  Concealment  is  a  mistake  to  avoid. 

Following  conception,  the  next  important  step 
to  be  taken,  is  the  so-called  “reduction  to  prac¬ 
tice.”  This  consists  either  in  filing  an  applica¬ 
tion  for  patent  or  the  making  of  a  full-size  oper¬ 
ative  machine  and  so  testing  it  that  its  adaptabil¬ 
ity  and  usefulness  for  its  intended  purpose  are 
thoroughly  established.  The  making  of  a  model 
machine  or  device  is  usually  insufficient.  It  must 
be  full-size  and,  if  convenient,  made  of  the  actual 
materials  which  the  commercial  product  will 
utilize.  Records  of  any  actual  reduction  to  prac¬ 
tice  should  be  kept  in  a  safe  place  where  they 
will  be  available  in  the  event  that  an  interference 
is  declared. 

Last,  but  of  paramount  importance,  every  en¬ 
gineer  should  bear  in  mind  that  it  is  easier  to 
sell  a  patent  or  a  patent  application  than  an  idea, 
and  that  every  single  scrap  of  paper  bearing  on 
his  invention  should  be  carefully  preserved  as 
evidence. 
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Separate  61  kw.  125  volt  direct  con¬ 
nected  exciters  were  provided  for  the 
AC  generator  and  synchronous  motor. 
The  regulator  controlling  the  delivered 
voltage  is  a  type  AT  electronic  volt¬ 
age  regulator,  the  operating  principle 
of  which,  referring  to  Figure  No.  1, 
is  as  follows: 

The  generator  voltage  to  be  regu¬ 
lated  is  applied  to  terminals  1  and  2 
and  is  rectified  by  the  RO-587  full 
wave  rectifier  tube,  its  direct  current 
output  being  filtered  as  shown.  Two 
45  volt  "B”  batteries  are  connected  to 
oppose  this  rectified  AC  voltage.  The 
resulting  difference  between  these  two 
voltages  is  amplified  by  the  two  RJ-571 
amplifier  tubes,  whose  final  output  is 
applied  to  the  grid  of  the  RJ-550  tube, 
which  varies  the  phase  relation  between 
the  grid  voltage  and  the  anode  voltage 
of  the  four  KU-628  grid  controlled  rec¬ 
tifier  tubes.  This  variation  in  phase 
relation  causes  an  increase  in  the  four 
KU-628  tube  anode  currents  if  the  gen¬ 
erator  voltage  is  decreasing,  the  anode 
current  providing  excitation  for  the 
field  of  the  direct  connected  exciter. 

In  this  scheme  of  operation  the 


TUBES  AT  WORK 


Electronic  voltage  regulating,  broadcast  equipment 
economics,  commutator  roughness  measured  by  tubes, 
wave-guides,  all  in  the  month’s  new  applications. 


Electronic  Voltage  Regulator 
For  Lamp  Testing 

By  R.  R.  BRADY  and  CARL  P. 
BERNHARDT 

IVtstinfhouse  Engineering  Division, 

New  York  Office 

In  determining  the  proper  method  of 
obtaining  the  actual  life  of  incandes¬ 
cent  lamps  on  test  it  was  decided  that 
in  view  of  the  fact  that  the  majority 
of  lamps  are  burned  on  alternating 
current  the  testing  should  likewise  be 
on  alternating  current.  It  was  fur¬ 
ther  decided  to  test  the  lamps  at  their 
designed  voltages,  this  being  known  as 
“normal  testing.”  The  first  and  most 
essential  requirement  for  testing  lamps 
at  normal  voltage  is  to  have  a  constant 
regulation  of  the  voltage '  supply.  The 
need  for  this  can  be  readily  seen  when 
the  following  data  are  considered: 

A  lamp  which  at  normal  voltage 
would  have  a  life  of  1,000  hours  will 
give  only  860  hours  if  burned  one  per 
cent  above  normal.  Also,  if  this  lamp 
is  burned  one  per  cent  under  normal 
voltag^e,  it  will  gpve  approximately 
1,160  hours  of  life.  However,  in  the 


latter  case  the  additional  life  is  more 
than  offset  by  the  loss  of  light  output 
because  this  drops  off  considerably 
more  than  the  corresponding  drop  in 
wattage  thus  giving  a  very  inefficient 
lamp. 

In  the  past  the  regulators  used  for 
this  type  of  testing  were  of  the  vibrat¬ 
ing  type  with  a  reg^ilation  of  plus  or 
minus  one-quarter  per  cent  or  more. 
The  ability,  however,  to  keep  the  regu¬ 
lation  even  within  wider  limits  was 
dependent  upon  constant  supervision 
and  maintenance  of  mechanical  parts 
and  contacts  in  the  regulator.  It  was, 
therefore,  felt  that  a  different  type  of 
regulator,  having  closer  regulation  and 
requiring  little  supervision,  would  be  a 
great  advantage  and  the  electronic 
regulator  was  developed  to  meet  this 
condition.  With  this  regulator  the 
regulation  is  held  within  plus  or  minus 
one-tenth  of  one  per  cent  and  as  it  has 
no  moving  parts,  all  the  action  being 
electrical,  continual  supervision  and 
maintenance  is  unnecessary. 

The  power  supply  is  provided  by  a 
250  kv-a,  single  phase,  60  cycle,  220 
volt,  1200  r.p.m.  generator  driven  by  a 
375  h.p.,  2200  volt  synchronous  motor. 


'2  Ger.era/^ 


corrpensafio,^ 


Fig.  2.  Generator  control  panels, 
showing  covers  removed  from 
electronic  voltage  rei^ulator  and 
monitor 


KU-628  tube  output  is  actually  being 
used  as  a  pilot  exciter,  the  AC  ma¬ 
chine  excitation  being  provided  by  a 
main  exciter.  There  are  four  KU-628 
grid  controlled  rectifier  tubes  provided, 
the  exciter  fields  being  split  up  into 
paths  each  being  excited  from  a  pair  of 
two  KU-628  tubes  connected  as  a  full 
wave  rectifier.  Under  these  conditions 
a  failure  of  two  KU-628  tubes  would 
still  permit  obtaining  proper  operation 
at  rated  full  load  of  the  generator. 

This  equipment  as  stated  is  being 
used  under  conditions  where  it  is  abso¬ 
lutely  necessary  to  maintain  the  desired 
voltage  within  the  limits  of  plus  or 
minus  one-tenth  of  one  per  cent,  in 
order  to  study  lamp  filament  life  and 
the  effect  on  lamp  life  of  proposed 


Fig.  1.  Diagram  of  connections  of  electronic  voltage  regulator 
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OLD  220B 


NEW 

220C 


IMPROVED  220  TYPE 
WATER  COOLED 
AMPLIFIER  TUBE 


tltj 


Modern  broadcasting  demands  improved 
vacuum  tube  performance. 

The  Western  Electric  220  water-cooled 
amplifier  tube  has  been  redesigned 
to  meet  this  demand. 


1.  Position  of  grid  lead  has  been  changed 
to  improve  tube  mechanically  and  to 
expand  frequency  range  of  operation. 


2.  New  base  provides  for  low  loss  fila¬ 
ment  connectors  and  gives  increased 
protection  to  glassware. 


3.  Elements  mounted  on  rugged  supports 
with  new  methods  of  controlling  expan- 


5.  Moulded  glass  construction  with 
machine  assembly  assures  uniform  qual¬ 
ity  not  possible  with  hand  glass-blowing. 

6.  Improved  internal  construction. 


Overall  electrical  characteristics  remain  the  same, 


Note —  Suitable  leads  are  supplied  with  the  220C  Tube  so  that  it 
can  be  used  in  all  existing  equipments. 

This,  like  all  Western  Electric  Tubes,  was  designed  by  Bell 
Telephone  Laboratories. 


Western  Ekctric 


Distributed  by  GRAYBAR  Electric  Co.  In  Canada:  Northern  Electric  Co.,  Ltd. 
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American  Tronsfortner  Compamj\ 


changes  in  construction.  In  order  to 
insure  that  there  would  be  no  tendency 
for  the  regulated  voltage  to  drift  out¬ 
side  of  this  range  an  automatic  photo¬ 
electric  t3rpe  of  monitor  was  installed. 
This  monitor  consists  essentially  of  a 
sensitive  indicating  meter  provided 
with  a  small  mirror  on  its  moving  ele¬ 
ment.  The  meter  element  is  arranged 
so  that  at  normal  voltage  the  mirror 
does  not  reflect  light  on  either  of  two 
photo  cells.  Changes  in  the  regulated 
AC  voltages  are  amplifled  and  im¬ 
pressed  upon  the  moving  element  of 
this  meter  and  therefore  on  a  slight 
change  in  voltage  the  mirror  on  the 
moving  element  is  deflected,  and  by  the 
magnification  obtained  from  the  lever 
system  of  light  beams  positive  opera¬ 
tion  of  either  one  of  the  two  photo  cell 
controlled  relays  is  obtained.  These 
relays  control  directly  a  motor  operated 
voltage  adjustor  which  is  connected  to 
recalibrate  the  AT  electronic  voltage 
regulator  and  thus  correct  for  any  pos¬ 
sible  drift  in  voltage. 


IS  YEARS  OF 
PROGRESS 


“High  Force  Testing" 

As  the  majority  of  lamps  in  general 
use  are  designed  for  1,000  service 
hours,  considerable  time  elapses  be¬ 
tween  the  time  of  manufacture  and  the 
completed  test  results  if  the  lamps  are 
tested  at  normal  voltage.  This  means 
naturally  that  if  for  any  reason  the 
test  results  indicate  unsatisfactory 
product,  hundreds  of  thousands  of 
lamps  would  have  been  manufactured 
between  the  time  the  lamps  were  se¬ 
lected  and  the  time  the  results  were 
obtained. 

In  view  of  this  it  was  felt  that  some 
method  should  be  devised  whereby  a 
constant  check  could  be  made  quickly 
of  each  day’s  product  and,  therefore, 
what  is  known  as  “high  force  testing” 
was  put  in  use  in  the  factories.  With 
this  method  of  testing  the  lamps  are 
burned  at  a  considerable  over-voltage 
so  that  on  a  1,000  hour  lamp  the  life 
results  are  obtained  in  approximately 
five  hours,  and  by  the  use  of  factors 
which  have  been  established  through 
considerable  experimental  data  these 
actual  short  life  tests  on  high  force 
testing  voltage  are  converted  to  the 
corresponding  life  at  normal  voltage. 
It  is,  therefore,  obvious  that  where 
lamps  are  burning  at  a  200:1  life  ratio 
it  is  absolutely  essential  to  maintain 
the  test  voltage  as  closely  as  possible 
since  a  change  in  the  voltage  of  only 
one  minute  duration  has  the  same 
effect  as  a  change  for  200  minutes 
would  have  on  the  normal  test  ba>is. 

In  view  of  this  it  was  deemed  advis- 
ahle  to  install  a  special  motor  genera¬ 
tor  set  together  with  an  electronic 
regulator  to  supply  the  test  voltage 
for  the  high  force  test  racks  in  the 
factories.  Thus  with  this  system  in 
use  information  is  available  daily  as 
to  the  quality  of  the  product  being 
manufactured. 

The  power  supply  provided  for  this 
purpose  is  a  50  kv-a  single  phase,  60 
cycle,  220  volt,  1800  r.p.m.  generator 
driven  by  a  75  h.p.  synchronous  motor. 


Improving  the  Art  of 

SOVIVD  REPRODIJCTIOK 


Steadily,  for  fifteen  years,  the  Results,  and  results  alone,  are 
need  for  improved  sound  trans-  responsible  for  the  universal 

mission  and  reproduction  has  a«eepUnce  of  AmerTran  Trans- 

p-own  in  the  Helds  of  entertain-  manufacturer  are  audio 

ment,  industry,  and  education.  components  incorporating  every 
And  for  fifteen  years  AmerTran  latest  refinement,  insertion  loss 
bas  supplied  the  need  by  im-  less  than  1  dB,  and  frequency 
proving  audio  transformer  de-  characteristics  uniform  within 

signs.  Throughout  the  world  “  ’f  ?»  l^.OOO 

,  cycles,  such  equipment  is 

those  competent  to  judge  con-  available  for  every  audio  re- 

sider  AmerTran  equipment  the  quirement  in  all  sizes  of 

^^Standard  of  Excellence.”  apparatus. 

Improvements  in  Audio  Transformer  Design 
PIONEERED  BY  AMERTRAN 

1920  Quality  Audio  Transformers.  1923  Self-Shielded  Transformers; 
Electrostatic  Shielding;  Balanced  Coil  Structure;  Increased  flexibility — 
taps  with  eflSciency  unimpaired.  1925  High-Permeability  Alloy  Core. 
1926  High  Fidelity;  Reversible  Mountings.  1929  Moistureproof  Con¬ 
struction;  Magnetic  Shielding.  1933  Symmetrical  Designs;  Ultra  High 
Fidelity;  Extreme  Low  Level  Transformers.  1934  Coordinated  Designs; 
All-Climate  Construction.  1935  Miniature  Transformers.  1936  Midget 
Transformers. 

May  we  send  Bulletin  No.  1002  describing  AmerTran’s  complete  line  of 
standard  transformers  for  audio-frequency  and  rectifier  circuits? 

AMERICAN  TRANSFORMER  COMPANY,  172  Emmet  St.,Newark,  N.  J. 
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Major  Acoustic  Benefits 
from  BaBtelite  Molded 


I\  a<l<lition  lo  outstanding  elec¬ 
trical,  mechanical  and  chemical 
merits,  the  varied  characteristics  of 
Bakelite  Molded  provide  major  ad¬ 
vantages  \«'here  acoustical  consid¬ 
erations  are  important  in  product 
design. 

The  new  Transducer  "Bullet” 
Microphone,  pictured,  furnishes  an 
interesting  example.  Its  "stream¬ 
lined”  shape  is  an  essential  factor 
in  its  acoustical  design.  Bakelite 
Molded  was  selected  for  the  form¬ 
ing  of  this  douhle-shell  housing, 
after  several  other  materials  had 
been  rejected. 

Three  specific  characteristics  of 
Bakelite  Molded  which  benefit  the 
acoustics  of  this  microphone  are: 
high  accuracy  in  reproducing  diffi¬ 
cult  designs;  satisfactory  resonance 


Electronics  engineers  are  invited 
to  learn  the  wide  range  of  useful¬ 
ness  of  Bakelite  Molded  in  solving 
difficult  design  problems.  Write  for 
helpful  Booklet  13M,  "Bakelite 
Molded,”  and  call  on  us  for  further 
information  or  assistance. 


qualities;  amt  treeuoni  iroiii  expan¬ 
sion,  contraction  and  distortion  due 
to  temperature  change  or  moisture. 

The  adoption  of  this  material 
brings  other  advantages  as  well. 
Electrical  design  is  simplified  due 
to  the  dielectric  and  insulation 
values  of  Bakelite  Mohled.  Also, 
the  double-curved  shell  can  be 
completed  in  four  press  operations, 
with  permanently  lustrous  surfaces 
inside  and  out.  Its  self-contained 
finish  withstands  constant  handling, 
washing  and  long  use,  without  mar¬ 
ring  or  deterioration. 


[Above]  Transducer  Microphone,  housed 
in  lustrous  liakelite  Molded,  for  public 
address,  sound  re-in forcement  and  record¬ 
ing  systems.  Prinluct  of  Transducer  Cor- 
{Htration,  !\'ew  York,  N.  Y'.  (l^ft)  Four 
Bakelite  Molded  /mrts  that  quickly  as¬ 
semble  into  a  precision  housing  for  the 
Transtlucer  "Bullet”  Microphone. 
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A  NEW  instrument,  invaluable  to  the  designer  and  manu¬ 
facturer  of  receivers  tuning  above  20  megacycles. 

NEW  design  brings  to  the  Ultra-High-Freqnency  region  the 
accuracy,  reliability  and  convenience  of  operation  formerly 
found  o^y  at  lower  frequencies. 

NEW  ^^Transmission  Line''  output  system  eliminates  lead 
errors  by  eliminating  the  leads.  Voltage  can  be  introduced 
directly  into  receiver  circuits  and  accurate,  reproducible  meas¬ 
urements  made. 

Self-contained  coils,  direct  reading  output  controls,  and  power 
line  operation  for  convenience. 

Specification*: 

FREQUENCY  RANGE:  Standard,  20  to  100  megacycles  in  three  coil  ranges. 
Space  for  a  fourth « coil  is  provided.  Coils  to  cover  100  to  150  megacycles,  or 
any  range  slightly  less  than  2  to  1  in  the  4  to  20  megacycle  region,  can  be 
provided  at  an  extra  cost  of  17.00  each,  for  use  in  the  fourth  position.  Coils 
cannot  be  supplied  for  frequencies  below  4  or  above  150  megacycles. 

OUTPUT  CIRCUIT:  Internal  impedance  14  ohms,  resistive.  Voltage  appears 
at  end  of  three  foot  flexible  cable  which  is  part  of  instrument.  Maximum  out¬ 
put  100,000  microvolts  below  60  mcs.,  50,000  microvolts  above  60  mcs. 

MODULATION:  30%  at  400  cycles  approx.  Modulation  “ON-OIT”  switch 
provided. 

POWER  SUPPLY:  Standard  instrument  built  for  operation  on  115  volt,  60 
cycle  power  supply.  Can  be  supplied  to  operate  from  any  reasonable  voltage 
and  frequency  at  additional  cost  of  $15.00. 

PRICE:  With  three  standard  coils,  calibration,  standarfl  power  unit  and  com¬ 
plete  set  of  tubes  tested  in  instrument,  $325.00  FOB  Newark  N.  J.  Export  pack¬ 
ing,  including  delivery  to  pier  in  N.  Y.,  $2.50  additionaL 

For  iUustrated  circular  with  full  details  write  to 

FERRIS  INSTRUMENT  CORPORATION 

Boonton,  N.  J. 


MODEL 


18-B  MICROVOLTER 

20  TO  100  MEGACYCLES 


Separate  direct  connected  exciters  are 
provided  for  both  the  grenerator  and 
motor.  The  voltage  of  the  generator 
being  controlled  by  a  type  AT  elec¬ 
tronic  voltage  regulator  as  shown  in 
Figure  No.  2  and  as  described  above. 
The  lamp  testing  rack  is  located  at  a 
distance  of  approximately  500  feet 
from  the  motor  generator  set  and  it 
was  desired,  therefore,  that  the  volt¬ 
age  be  maintained  within  the  extremely 
close  limits  at  the  load  side  of  the  test 
rack  auto  transformers.  This  necessi¬ 
tated,  therefore,  that  the  regulator 
compensate  for  both  varying  line  drop 
and  transformer  regulation  under  the 
changing  load  conditions  from  no  load 
to  full  load.  Since  the  control  energy 
required  for  the  operation  of  the  volt¬ 
age  regulator  and  drawn  from  the 
source  to  be  regulated  is  only  11  volt 
amperes  two  pilot  wires  were  run  from 
the  regulator  to  the  lamp  testing  rack, 
thus  eliminating  the  necessity  of  pro¬ 
viding  separate  line  drop  compensators. 


•  • 


Economics  in 

Broadcast  Equipment  Design 

By  V.  J.  ANDREW 

The  station  engineer  and  design  en¬ 
gineer  are  continuously  confronted 
with  questions  of  performance  versus 
cost.  The  only  logical  solutions  to 
these  questions  require  engineering 
evaluation  of  the  improved  perform¬ 
ance,  accurate  estimate  of  cost,  and 
comparison  with  some  standard  to  de¬ 
termine  whether  the  improvement  is 
worth  the  cost. 


^ooqooo 
2,50ci000 
^tooqooo 
o  soqooo 

2  250000 

I  lOQPCO 

o  sqooo 


Fig.  J.  Equipment  vs.  cost 


Questions  such  as  antenna  design 
which  primarily  concern  .'=ignsl 
strength  can  be  evaluated  in  terms  of 
equivalent  increase  in  power  of  the  sta¬ 
tion.  Figs.  1  and  2  have  been  worked 
out  as  a  basis  for  evaluating  improved 
performance.  Fig.  1  is  a  curve  of 
value  of  a  broadcast  station  ^  ersus 
power.  This  curve  is  based  on  sales 
prices  or  evaluations  of  stations  ob¬ 
tained  from  various  sources.  The  slops 
of  this  curve  indicates  the  rate  at 
which  the  value  of  a  station  increase 
when  the  power  is  increased.  This 
marginal  value  is  plotted  in  Fig.  2. 
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Craftsmanship  as  old  as  lime . 

in  a  plant  as  modern  as  money  can  buy 


Turning  a  lead  terev/or  a  Ttehna  recording  machine.  In  the  Techna  plant, 
precision  is  the  uiatchword  at  etery  production  step. 


In  the  Techna  plant,  modern 
machines  and  })nxluclion  meth¬ 
ods  are  important  in  establish¬ 
ing  the  unusually  attractive 
prices  of  Techna  equipment, 
hut  of  even  more  importance  to  the  mainte- 
nunce  of  the  Techna  standard  of  quality  is  the 


spirit  of  craftsmanship  w  hich  directs  the  men 
employed  here.  At  Techna,  perfection  is  always 
the  ideal  .  .  .  your  satisfaction  the  guarantee. 

Inquiries  regarding  specifications  and  prices 
of  Techna  studio  speech  input,  public  address, 
recording,  and  transcription  equipment  are 
given  prompt  attention. 


TECHNA  CORPORATION 


New  York 
BHOADCAST  . 


Chicago 


926  HOWARD  STREET,  SAN  FRANCISCO 

Cable  address  “Techna”  Bell  Teletype  “SF329” 

.  PUBLIC  ADDRESS  ....  RECORDING  ....  LABORATORY  EQUIPMENT 
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TtPK  OSCIUiOOIlAPH 


Factory  Tests 
Service  Work 
Student  Tests 
Amateur  Checking 


Factorj’  Tests 

Laboratories 

School  Demonstration 


Factory  Tests 
I^aboratories 
School  Demonstration 
Sales  Promotion 
Special  Tests 


0.25  to  0.40  wavelength  is  expected  to 
increase  field  strength  at  one  mile  from 
58  millivolts  per  meter  to  65,  equivalent 
to  increasing  power  25  watts.  The 
$3,000  additional  cost  is  a  cost  of  $120 
per  watt,  which  appears  from  Fig.  2 
to  be  a  bargain.  But  if  we  consider 
the  0.65  wavelength  antenna,  which  is 
expected  to  give  a  field  strength  of  73 
millivolts,  we  find  that  by  comparison 
with  the  0.40  antenna  we  have  gained 
26  equivalent  watts  at  a  cost  of  $230 
per  watt,  which  is  more  than  the  addi¬ 
tional  power  is  worth. 


C&thods  Ray  Tube 

Diameter .  3  Inches 

Type .  Du  Mont  34-XH 

Direction  Plate  Lends  2  Common 
Soeen .  Green 


5  Inches 

Du  Mont  54-XH 
2  Common 
Green  or  Blue 


9  Inches 

Du  Mont  94-8-H 
4  Separate 

Green.  Blue  or  Time 
Delay 


Phototube  “Time-Teller” 


Sweep  Circuit 

Range  (Fundamental)  10  to  100,000  cycles 

Discharge  Tube .  Du  Mont  885 

Sjnchroni  sation .  I  ntemal , 

External,  or  60  cycles 


10  to  100,000  cycles 
Du  Mont  128 
Internal, 

External,  or  60  cycles 


This  machine  announces  the  correct 
time  for  every  hour  and  minute  of  the 


0  to  100,000  cycles 
00 


10  to  100,000  cycle 

25 

250 


1200 


5  to  100,000  cycles 

25 

250 


Variable  1500*  to  3000 


Deflection  Factor 

Signal  direct  to  plates 
Thru  1  stage  amp.  to 

plates . 

Thru  2  stage  amp.  to 
‘  plates . 


50  volts  per  inch 


50  volts  per  inch* 


2.0  vedts  per  inch 


2.0  volts  per  inch* 


. 2  volts  per  inch  .2  volts  per  inch* 


Horisontal  and  Vertical!  Honsontal  and  Vertical 


W’atts  Consumption. . 
Cycles . 


Tubes  SuppBes .  1  -  34-XH 

2  -  57'8 

1- 885 

2- 80'8 


110-120 

40 

50-60 


1  -  54-XH 
1-57 

1  -  128 

2  -  53*8 
1-80 


110-120 

80 

50-60 


1  -  94-8-H 

1  -  57 

1  -  128 

2  -  53’s 
1  -80 

1  -  879 


11  inches 
6)  inches 
13  inches 


Weight . . 


Price .  S74.50 


14  inches 
7i  inches 
18  inches 


20  inches 
12  inches 
26  inches 


On  Application 


Du  Mont  alio  manufacturat  an  improved 
timplified.  Electronic  Switch  and  other 
Oscillograph  equipment.  Including  a 
complete  line  of  cathode  ray  and  sweep 
dhenarge  tubes.  These  products  are  in 


the  sixth  year  of  successful  manufacture. 
Every  Cathode  Ray  Tube  used  by  Du 
Mont  is  engineered  and  manufactured  in 
the  Du  Mont  Laboratories.  Write  for 
detailed  information. 
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day  at  three  second  intervals.  Twenty 
feet  of  ^ movie  film  with  appropriate 
sound  tracks  and  a  phototube  pick-up 
do.  the  trick,  which  is  expected  to  be 
useful  for  telephonic  time-announcing- 
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The  story  of 

The  Bell  Telephone  Laboratories 


of  the  great  industrial  research  organizatiotis  uf 
the  world,  none  is  more  widely  known  than  the 
Bell  Telephone  Laboratories.  Not  only  have  its 
men  and  facilities  made  it  possible  to  interconnect 
any  of  the  more  than  16  million  telephones  in  the 
L'nited  States  A\  ith  any  of  the  16  million  in  other 
parts  of  the  world,  but  the  communication  arts 
have  all  gained  much  by  the  research  carried  out 
in  the  Laboratories.  And  science  and  engineering, 
generally,  have  had  their  share  of  the  fruits 
borne  by  this  excellent  example  of  planned, 
industrial  research. 


The  story  ol  the  Bell  Laboratories — men  and 
tnachines — should  make  interestitig  reailing  to 
e\eryone  interested  in  communicati«)n.  The 
fdits  dicomplis  of  the  Laboratories  are  well  and 
faNorably  known:  but  the  ways  in  which  they  are 
accotnplisheil  is  at  least  equally  important. 

In  the  following  pages,  iJt'ctrouics  presents  a 
picture  ot  the  Bell  I'elephone  Laboratories  as 
seen  by  its  eilitors,  and  written  Irom  ilata  gath¬ 
ered  from  their  long  association  w  ith  the  Labora¬ 
tories  itself,  its  persontiel,  its  publications,  ami 
after  a  complete  tour  ot  its  se\eral  ilepartments. 


IN  the  area  bounded  by  Bethune. 

West,  Washington,  and  Bank 
Streets  in  New  York  City  is  a  build¬ 
ing  known  over  the  world  among 
communication  men  as  “463  West 
Street.”  This  is  the  headquarters 
of  the  Bell  Telephone  Laboratories, 
the  research  and  development  organi¬ 
zation  of  the  Bell  System.  Here  are 
gathered  the  greater  part  of  some 
1500  highly  trained  research  men 
and  engineers,  selected  from  leading 
universities  and  from  the  system 
itself,  men  whose  contributions  to 
communication  are  only  a  portion  of 
their  broad  additions  to  human 
knowledge,  men  whose  single  pur¬ 
pose  is  to  improve  telephone  com¬ 
munication.  The  Bell  Telephone 
Laboratories  is  one  of  the  great  ex¬ 
amples  of  organized  scientific  re¬ 
search,  involving,  as  it  does,  not 
only  the  search  for  fundamental 
knowledge,  but  the  synthesis  of  this 
knowledge  and  the  adaption  of  it  to 
the  construction  of  individual  pieces 
of  equipment,  the  assembly  of  these 
pieces  into  systems,  and  the  opera¬ 
tion  of  these  systems — all  on  the 
basis  of  an  improved  technique  at  a 
continuously  greater  economy. 

Considered  broadly  as  any  form  of 
electrical  communication  involving 
the  human  ear  as  the  final  detector 
and  translator  of  the  brain,  tele¬ 


phony  can  legitimately  be  consid¬ 
ered  as  involving  the  wire  and  wire¬ 
less  communication  of  the  human 
voice,  radio  broadcasting,  and  the 
sound  of  talking  pictures.  Tele¬ 
phony,  so  considered,  arose  in  a  lab¬ 
oratory  as  a  result  of  research;  its 
continued  advance  as  an  agency  for 
man’s  use  has  continued  because  of 
organized  scientific  research  much 
of  which  has  been  carried  out  at  463 
West  Street. 

When  Ur.  Bell  made  his  discovery, 
he  was  an  individual  working  mor  ' 
or  less  alone.  At  that  time  there  was 
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little  organized  scientific  industrial 
research.  The  telegraphic  art  was 
fairly  well  organized,  and  in  the  na¬ 
tural  growth  of  the  telephone  sys¬ 
tem  it  followed  that  tliis  older  art 
was  drawn  on  by  the  new  art  for 
methods  and  for  apparatus.  The  log¬ 
ical  way,  however,  to  increase  the 
income  of  a  telephone  system  is  to 
extend  the  length  of  its  lines,  to  add 
branches  to  draw  in  more  customers 
and  to  devise  ways  and  means  in  the 
central  oftke  for  effectively  switch¬ 
ing  these  lines  so  that  any  one  siil)- 
scriber  can  talk  to  ary  other. 

This  natural  extension  of  the  serv¬ 
ice  brought  problems.  As  the  lines 
became  longer,  attenuation  of  the  al¬ 
ready  weak  electric  iiipulses  forc'd 
the  pioneers  to  use  heavier  g.  ge 
wire,  to  eliminate  the  ground  re¬ 
turn  of  the  telegraphists,  and  fin;  'ly 
to  string  iq)  copper  wire  in.stead  of 
iron  conductors.  The  increasing  c  m- 
plexity  of  inner  office  switcl  mg 
brought  on  invention  of  consi  er- 
able  merit.  But  nearly  all  of  his 
development  was  carried  out  b\  in¬ 
dividual  inventors  or  by  the  We>  ern 
Electric  Company  which  was  not 
then  a  member  of  the  Bell  Systei  i. 

In  thirty-five  years,  however,  i  uch 
has  changed.  The  telephone  .sy  tern 
has  been  called  upon  for  continual 
expansion  of  service,  and  at  the  ame 
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lime  a  continual  betterment  of  serv-  tained  certain  research  and  develop- 

ice.  Furthermore,  there  has  been  a  ment  Ki'oups  which  were  not  con- 

continuing'  and  successful  battle  to  cerned  primarily  with  laborat«)ry 
reduce  the  costs  of  this  service.  Iso-  work.  But  in  llKi4  these  were  trans¬ 
lated  inventors,  parallelin^r  each  ferred  to  the  Bell  Laboratories  so 
other’s  work,  cannot  produce  such  that  all  develo|)ment  and  research 

a  history  as  has  developed  at  the  work  for  the  A.  T.  »S:  T.  is  now  car- 

l.aboratories,  and  so  it  is  but  na-  i  ieil  out  here, 
tui’al  that  such  an  as.^embly  of  tech¬ 
nicians  as  one  finds  at  West  ■T'HK  mo.st  important  facility  of 

Street"  should  ^niw  up.  X  any  research  y'roup  (as  most  re- 

The  first  laboratory  of  the  Tele-  .search  e.xecutives  proclaim )  is  money 
phone  Company  was  in  Boston;  two  with  which  to  operate,  for  without 
others  Kfo'v  up  iti  connection  with  proper  tinancial  strength  men  cannot 
the  manufacturing^  plant  of  the  .sys-  he  hired,  plant  eipiipment  lannot  be 
tern,  the  Western  Fleet ric  Company.  juircha.sed  or  installed,  the  results 
one  in  Chicago,  one  in  New  York.  cannot  tie  imblished,  nor  made  avail- 
In  lltb?  etlicieiicy  and  economy  die-  able  tor  practical  use.  The  financial 
tated  that  these  tliri-e  ^fuiips  be  com-  ba^k^rround  of  the  Laboratories  is 
billed  into  a  siii^de  unit,  known  as  simple  and  straightforward.  They 
the  FiiKineeriiiK  Department  of  the  ure  owned  part  and  parcel  by  the 
Western  Klectric  Company.  This  A.  1 .  &  f.  and  Western  Electric,  in 
>rroup.  the  immediate  forerunner  of  .i'>itit  account.  Ihis  relationship  of 
the  Bell  Laboratories,  undertook  the  Laboratories  to  the  Bell  System 
those  basic  investitrations  into  tele-  hs  emphasized  not  only  by  its  board 
phone  methods  and  equipment  which  ‘d  directors  which  includes  etjual 
could  best  be  carried  out  under  lab-  repre.seiitations  from  the  otlicials  of 
oratory  conditions,  f'rom  11)07  to  the.se  parent  companies,  but  also  by 
11)2.7  many  of  the  major  contribu-  the  position  of  its  president.  Dr. 
tions  to  telephone  techniiiue  were  de-  b  rank  B.  .lewett.  who  is  the  vice- 
veloped.  and  the  work  of  the  Fnjri-  president  ot  the  A.  f.  &  T.  in  charge 
n  e  e  r  i  n  Department  increased  <*1  development  and  research  activi- 
irreatly  in  .scope  and  importance  to  ties. 

the  system.  The  capital  stock  of  the  Labora- 

By  11)25  the  work  of  the  En>rineer-  tories.  which  is  non-dividend  payinjr 

ill)!  Department  had  .so  ^rown  in  und  amounts  to  .$100.))()0.  its  work- 

rantre  and  intensity  that  it  was  iny'  capital,  its  operatin^r  expenses, 

found  necessary  to  set  up  a  separate  und  the  investment  in  plant  are  put 

corporate  or^ranization.  a  member  of  up  hy  the  two  owniny:  companies, 
the  Bell  System  devoted  .solely  to  Operating'  expenses,  includinir 
research  and  development.  This  De- 

the 

The 

the 

nitely  the  of  the  yroup. 

which  has  dual  function.  the 
tii'si  place  the  Laboratories  are  re- 
sp"  dble  to  A.  T.  &  T.  for  the  pur- 
suai  ce  of  fundamental  re.search ;  in 

the  'ccond  place  they  are  responsible  H 

to  'Western  Electric  (the  manufac- 

tui  ir  unit  of  the  Bell  System)  for  u  v  H 

des  tis,  based  on  these  researches.  P  ^ 

wh.  0  are  suitable  for  manufacture. 

Th<  wo-fold  purpo.se  of  the  Labora- 
ton  -  one  of  the  uniipie  aspects 
'  organization,  and  it  has 
both  in  such  beautiful 
re.search  as  the 

difTi 

i)nd  iermer.  and  to  such  practical  ^ 

designs  as  the  telephone  hand  set. 

B''  vious  to  1934,  A.  T.  &  T.  main- 


salaries,  service,  supplies,  equipment 
purchases,  are  lumped  together  with 
the  item  of  interest  on  the  loans  to 
the  Laboratories  by  the  owning  com¬ 
panies.  The  whole  operating  expense 
is  budgeted  by  the  Laboratories  at 
the  beginning  of  each  year.  The 
budget  is  approved  by  its  board  of 
directors  which  contains  representa- 
tiens  of  both  A.  T.  &  T.  and  W.  E. 
who  linally,  after  adjustments  are 
made,  pass  upon  it.  Work  is  per- 
lormed  by  the  Laboratories  fo.- 
A.  T.  &  T.  and  W.  E.  according  to 
this  budget  and  is  charged  off 
against  it.  If  .‘■•ome  extraordinary 
item  is  encountered,  which  cannot  be 
.“(lueezed  inside  the  budget,  an  e.xtra 
iqipropriation  mu.st  be  made  by  the 
company  asking  for  the  work;  other¬ 
wise  the  work  is  not  done. 

In  addition  the  Laboratories  car¬ 
ries  out  some  development  work  for 
Electrical  Research  P  r  o  d  u  c  t  s 
(  LRPl ),  a  subsidiary  of  W.  E..  upon 
proper  financial  authorization.  Ex¬ 
cept  for  this  item,  which  is  small, 
the  A.  T.  &  T.  and  \V.  PL  pay  the 
bill  tor  operating  e.xpenses  in  pro¬ 
portion  to  the  amount  of  budgeted 
expense  which  their  respective  re¬ 
quirements  demand.  The  total  op¬ 
erating  expense  of  the  Laboratories 
for  1935  was  well  over  $D).O00.()00. 


IHHh:  Hell  System  liiboritlory,  1 41 
1‘earl  Street,  linstoti 
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At  Summit.  New  .Jer.'^ey,  the  ('hem- 
istry  Department  oirupie.s  a  three- 
story  concrete  buildinj;  with  over 
8000  feet  of  floor  .space.  Here  a 
.staff  of  chemi.sts  i.s  workinj;  on 
non-rubber  in.sulation,  ceramics,  di¬ 
electric  materials,  wood  preservation, 
and  electrochemical  studies  on  plat¬ 
ing,  storage  batteries  and  electrolytic 
condensers. 

All  of  these  laboratories,  indoors 
and  out,  are  staffed  by  permanent 
primps  of  from  two  to  thirty  men. 
When  si)ecial  re(iuirements  demand 
other  facilities  they  are  rented  as  the 
need  arises.  Occasionally  apparatus 
is  set  up  in  unoccupied  space  in  a 
teh'phone  central  office.  ('ertain 
tests,  particularly  those  on  li^htinK 
and  interference  from  power  lines 
are  arried  on  by  automatic  record¬ 
ers  vhich  are  left  in  the  care  of  the 
lo<*al  telephone  maintenance  men.  the 
reeo'  (la  being  .sent  to  New  York  from 
tin;,  to  time  for  studv  and  analysis. 


/‘«.s*aic  Ritter,  i\ew  Jersey;  lAiying 
ihf  New  f  ork-Vhilndelphin  coiixial 
'able  across  the  Rassaic  and 
Hackensack  Rivers,  June  I9:ih 


l.ahoratory  htcalions  in  and  near  \etv  York  ('.ily 


1  -463  West  Street,  New  York 

2- 415  West  Street,  New  York 

3-  Tube  Shop; 395  Hudson  St., New  York 

4-  Groiybar  Varick  Building, New  York 

5 - Davis  Building,  New  York 

6- 195  Brodway.New  York 

1  -  Pole  Line  and  Laborotory,  Chester 


8 ■  Experimental  Aircraft  Radio 
Station.  Mendham 


Brooklyn 


9-ExperimentaI  Radio  Broadcasting 
Station  Whippany 


10 'Site  for  Suburban  Research 
Laboratory ,  Murray  Hill 


II -Suburban  Research  Laboratory, 
Summit 


Aircraft  Hangar,  Hadley  Field 


16'  32  Sixth  Avenue,  New  York 

11'  Kearny, Newark 

18 '  Morristown 

19 ' 140  West  Street,  New  York 

20'  Long  Valley 


13- Experimental  Short  Wave  Receiving 
Station,  Cliffwood 


14 '  Experimental  Short  Wave  Receiving 
Station,  Holmdel 


1 5- Experimental  Short  Wove  Transmitting 
Station,  Deal  Beach 


Holnulel,  \ew  Jersey:  Experi¬ 
mental  tiave-giiides,  jour  and  six 
inehes  in  diameter,  1250  feet  Itmn 

Chester,  !\eti-  Jersey:  Wind  tests 
on  open-wire  lines 

tral  make  occasional  excursions). 
Here,  in  nearly  600,000  .square  feet 
of  floor  space  are  hou.sed  over  3000 
employees.  Executive  and  adminis¬ 


mitters  and  receivers.  Here  al.so  is 
a  quartz-crystal  shop  ( whence  came 
the  first  AT-cut  crystal)  and  labora¬ 
tories  for  research  in  transmi.ssion 
problems. 

Over  300  men  and  women  are  em¬ 
ployed  at  still  another  New  York 
building  at  250  Hudson  Street,  where 
several  floors  are  rented  for  the  Pat¬ 
ent  l)ei)artment,  for  a  larjre  ^'roup 
of  draftsmen,  and  for  a  special  jrroup 
of  eiiKineers  concerned  with  foreign- 
wire  relations,  in  addition  there  are 
.several  small  outposts,  one  at  the 
We.stern  Electric  Vacuum  Tube  slu.p 
at  305  Hudson  Street,  and  others  at 
cable  factories  in  Kearny,  N.  .).. 
Hawthorne.  Illinois.  and  Point 
Breeze.  Maryland,  the  latter  three 
beinj;  concerned  with  cable  re.search 
and  development.  Finally,  two  small 
installations  at  32  Sixth  Avenue  and 
140  West  Street  complete  the  list  of 
“inside  locations.” 

But  the  story  is  half-told  if  only 
the  laboratories  with  roofs  over  them 
are  considered.  Engineers  and  re¬ 
search  men  are  found  in  more  than 
a  dozen  isolated  jflaces  in  the  wide 
open  spaces,  whose  area  is  measured 
in  acres  rather  than  in  .square  feet. 
Most  of  these  “outdoor"  plants  are 
loc-ated  in  northern  New  .Jersey, 
near  enouy'h  to  West  Street  for  fre- 
(juent  contact,  but  far  enou^rh  from 
city  noi.ses  (both  electrical  and  audi¬ 
ble)  and  other  di.stractions  to  permit 
research  in  radio  and  other  easily- 
interfered-with  services.  Outside 


A  RESEARCH  laboratory  is  usu¬ 
ally  housed  in  a  single  building 
or  at  most  a  group  of  buildings  close 
together.  Like  the  telephone  system 
they  serve,  however,  the  Laboratories 
have  found  it  necessary  to  spread  out 
from  buildings  to  open  fields  and 
isolated  listening  posts,  where  tests 
can  be  made  under  the  wide  variety 
of  conditions  which  telephone  and 
radio  equipment  must  meet.  The 
full  schedule  of  properties  owned  or 
leased  by  the  Laboratories  or  by 
A.  T.  &  T.  or  by  an  associated  com¬ 
pany  includes  more  than  30  separate 
locations,  from  New  York  to  Limon, 
Colorado,  and  from  Hawthorne, 
Illinois,  to  Gulfport,  Mississippi. 

“463  West  Street”  is  of  course  the 
fountainhead.  This  main  laboratory 
is  in  fact  a  group  of  buildings, 
wholely  owned  by  the  organization 
(including  one  small  hole  through 
which  the  trains  of  New  York  Cen- 


trative  offices,  .services  such  as  pur¬ 
chasing,  shipping  and  receiving, 
medical,  library,  transcription  and 
file  groups  share  room  with  separate 
laboratory  divisions,  covering  work 
li.sted  here  broadly  as  chemical,  mag¬ 
netic,  acou.stic,  electronic,  filter,  ma¬ 
terials,  micro.scopic.  X-ray,  rubber, 
life  te.sting,  sound  sy.stems,  telephone 
switching,  precision  measurement, 
outside  plant,  etc. 

Across  Bethune  Street,  from  the 
West  Street  building,  is  another  city 
block  owned  by  the  Laboratories  but 
used  now’  only  in  part ;  in  a  two-.story 
building  is  a  plant  w’here  experi¬ 
mental  vacuum  tubes  are  made,  as 
preliminary  to  manufacture  by  W.  E. 
But  the  second  largest  group,  in  num¬ 
ber  of  employees,  is  located  at  180 
Varick  Street,  about  a  mile  and  a 
half  away.  Here  over  five  hundred 
employees  are  at  work  on  radio  de¬ 
velopment,  carrier,  repeater,  and 
telegraph  systems,  telephone  trans¬ 


locations  are  also  essential  for  te.'Jt- 
ing  Outside  Plant  equipment,  such 
as  poles  and  cable,  insulators,  load¬ 
ing  coils  and  the  like.  At  Gulfport. 
Miss.,  and  Limon,  Colo.,  there  are 
plots,  each  about  an  acre  in  extent, 
where  timber  products  are  tested. 
At  Phoenixville.  Pa.,  ten  acres  are 
devoted  to  transmission  development. 

The  group  of  “outside”  labora¬ 
tories  in  New  .Jersey  contain  al’o- 
gether  about  one  hundred  persons, 
but  the  total  land  involved  is  w  dl 
over  a  thousand  acres.  The  larg.  st 
is  at  Holmdel,  N.  J.,  the  radio  ’’e- 
ceiver  laboratory;  at  Deal  is  he 
radio  transmitting  laboratory.  B  th 
of  these  locations  are  actively  '  n- 
gaged  in  ultra-high  frequency  W(  ’k. 
At  Whippany  is  a  radio  transmit!  np 
laboratory  for  high  power  work,  or 
broadcasting  and  tran.soceanic  si  id- 
ies,  and  for  airplane  transmitt*  rs. 
Tw’o  airplanes,  u.sed  for  field  L  ts. 
are  based  at  Hadley  Field. 
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nieiits  aiul  it  was  iieiessary  to  study 
the  instruments  not  as  detached 
pieces  of  machinery  iiut  as  parts  of 
an  acoustical  system  of  which  the 
vocal  organs  <»f  the  speaker  and  the 
ear  of  the  listener  were  also  parts. 
Technical  men  delved  into  the  mech¬ 
anism  of  speech  and  hearing’.  So 
well  did  they  succeed  that  they  he- 
came  the  rwojrnizcd  w(»rld  authori¬ 
ties  in  this  field.  They  devised  new 
types  of  transmitters  and  receivers. 
takin>r  no  account  of  manufacturing 
problems  but  concerning  themselves 
only  with  perfection  of  operation. 
When  the  koJ‘1  <‘f  perfect  transmis¬ 
sion  was  finally  attained  the  Labora¬ 
tories  was  in  a  position  to  measure 
(juantitatively  how  far  short  of  per¬ 
fection  their  commercial  instruments 
fell  and  to  take  steps  to  improve 
them. 

There  is  another  type  of  work  in 
which  the  Research  men  delight. 
This  is  to  di^r  into  some  phenomenon 
that  is  not  well  understood,  to  pt't 
the  exact  reason  for  its  existence, 
and  on  the  way,  perhaps  to  discover 
other  (economic)  facts.  F'or  ex¬ 
ample  - 

Kmile  Berliner,  one  of  the  early 
W( inkers  on  the  carbon  microphone 
cl.  .rned  that  current  jumped  across 
tl  •  space  between  the  >ri'i*ins.  This 
"  a  possibility,  but  seemed  un- 
lil\- ly.  Others  thought  there  was 
ail  ‘lectric  arc;  still  others  felt  that 
SO'  le  deformation  of  the  K>’ains  made 
It  ossible  for  the  microphone  to  pa.ss 
m.i  e  current  when  it  was  spoken 
•  There  was  another  theory  that 
th.  ibsorbed  air  had  something  to  do 
"i'h  the  varying  conductivity. 


The  Hell  engineers  turned  their 
tools  loose  on  this  problem — what 
was  the  phenomenon  underlying  the 
action  of  the  carbon  microphone,  al¬ 
ready  in  existence  and  practical  u.se 
for  a  long  time?  In  their  endeavor  to 
lind  out  exactly  why  the  microphone 
worked,  they  discovered  why  carbon 
microphones  age  and  go  bad  in  serv¬ 
ice.  Now  they  think  they  have  found 
a  way  to  get  rid  of  this  aging  fac¬ 
tor.  long  an  important  item  among 
the  problems  of  engineering  trans¬ 
mitters.  It  is  too  early  to  estimate 
the  resulting  gain  in  economy  or  im¬ 
proved  service,  but  this  research  will 
in  the  cour.se  of  time  justify  all  that 
it  has  cost. 

In  an  industrial  laboratory,  the  es¬ 
sential  criterion  for  the  prosecution 
of  re.search  is:  what  will  it  produce 
economically?  Thus  (*ne  might  won¬ 
der  about  the  economic  value  of  the 
work  of  Davisson  and  Germer  on 
fundamental  electronics  which  led 
to  the  proof  that  electrons  have  both 
particle  and  wave  motion  character¬ 
istics. 

But  it  must  V)e  remembered  that 
there  are  250,000  electron  tubes  used 
in  the  Bell  Sy.stem,  that  each  one 
draws  filament  current  and  power — 
largely  from  storage  batterie.s — and 
that  any  increa.se  in  emission  effici¬ 
ency  of  tube  cathodes  would  result 
immediately  in  a  considerable  saving 


Kfseiirch:  Meaxurhifi  a  unit 
qiuinlily  of  carbon  granules 


in  the  annual  power  bill.  Here  then 
is  sufficient  justification  for  research 
of  this  fundamental  type. 

The  principal  products  of  the  Re¬ 
search  Department  are  new  facts, 
new  relationships  and  new  ideas.  The 
output  of  facts  and  relations  is  rap¬ 
idly  disseminated  among  those  in  the 
development  departments  who  can 
make  use  of  the  results. 

From  the  Research  Department 
have  come  such  fundamental  re¬ 
search  products  as  the  permalloys 
and  perminvars;  new  insulating  ma¬ 
terials  I  paragutta  is  a  good  ex¬ 
ample).  much  of  our  pre.sent  knowl¬ 
edge  of  the  properties  of  speech, 
noise,  music  and  of  the  auditory 
characteristics  of  the  ear.  The  early 
history  of  the  high-vacuum  electron 
tubes  is  closely  related  to  the  activi¬ 
ties  of  the  Research  Department; 
from  this  work  have  come  many 
members  of  the  electron  tube  family. 
For  years  the  cathode  ray  tube — 
now  becoming  so  important  in  all 
manner  of  research — was  obtainable 
(»nly  from  the  Western  F]lectric  Com¬ 
pany.  New  forms  of  transmitters 
and  receivers  and  microphones  came 
from  the  Laboratories;  .so  did  the 
light  valve,  the  (juartz-crystal  filter, 
and  much  of  our  knowledge  of  photo¬ 
electricity. 

A  ftpu  ratuH  Dc  rehpnieu  f 

Several  groups  work  under  the 
general  head  of  the  Apparatus  De- 
velojiment  Departments.  In  general 
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transmitters,  receivers,  vacuum 
tubes  and  finishes.  This  activity 
represents  about  a  quarter  of  the 
effort  of  the  Research  Department. 
The  rest  is  research  work,  though 
little  of  it  is  like  the  research  in  pure 
science  in  the  universities.  It  is  re¬ 
search  with  the  practical  aim  of  im- 
Itrovement  in  the  methods  and  de¬ 
vices  of  electrical  communication, 
conducted  with  an  attitude  of  inquiry 
which  is  satisfied  only  by  determin¬ 
ing  underlying?  causes. 

Research  i)roblems  arise  throu^di 
advances  made  in  pure  science  by 
members  of  the  .staff  and  by  outsid¬ 
ers;  throujrh  re(|uests  and  suK'jrcs- 
tions  from  within  the  System; 
throujrh  projects  to  accomplish  the 
previously  impossible;  through  prob¬ 
lems  which  the  Research  Department 
sets  for  itself. 

Through  .scientific  journals,  at¬ 
tendance  at  meetings  of  professional 
societies,  and  through  informal  con¬ 
tacts.  scientists  of  the  Research  De¬ 
partment  keep  in  touch  with  what  is 
bein>r  done  in  their  special  fields.  In 
addition,  one  member  of  the  Depart¬ 
ment  is  specifically  charjred  with 
keeping'’  abreast  of  modern  physi(  s 
and  acquainting  his  colleajrues  with 
what  he  finds. 

Xew  projects  are  important  .sources 
of  re.search  problems.  Typical  ex¬ 
amples  are  transcontinental  tele¬ 
phony.  tran.satlantic  radio  telephony, 
hi^rh  speed  submarine  cable  teleg¬ 
raphy.  sterophonic  transmission  of 
music.  Most  of  the  inventions  used 
at  pre.sent  for  .sending  several  mes- 
•sapes  over  one  pair  of  wires  by  car¬ 
rier  telephony  are  the  aftermath  of 
the  tran.satlantic  radio  telephone 
l)roject  of  1915. 

Another  source  of  re.search  activ¬ 
ity  is  the  task  of  attainin>ir  an  id  al 
to  use  as  a  measure  and  tfuide  tor 
practical  performance  Such  was  'he 
case  when,  some  twenty  years  a.'o. 
the  Laboratories  set  out  to  estab  ish 
a  .sound  scientific  basis  for  the  de."  >rn 
of  telephone  instruments.  The  yoa! 
was  the  achievement  of  as  per  ect 
transmi.ssion  of  speech  over  win  as 
is  experienced  when  one  pei  -on 
speaks  directly  to  another  nearb  in 
a  quiet  room.  Only  by  achieving  er- 
fection  in  the  laboratory  could  the 
enyrineers  hope  to  know  the  P' 
bilities  of  practical  achievement  ith 
commercial  instruments  in  the  i  eld. 
It  was  found  that  many  fat  tors 
which  had  previously  been  neyrh  ted 
affected  the  behavior  of  the  in  trii- 


Dr.  F.  B.  Jewett,  surrounded  hy  some  of  his  early  Boston  associates, 
examines  a  loadiufi  coil  of  the  IW4  period.  Seated  left  to  rifiht:  G.  .4, 
Campbell,  F.  B.  Jewett,  E.  H.  Colpitts;  Standing,  left  to  right:  J.  F. 
Toomey,  E.  C.  Molina,  Thomas  Shaw,  ().  B.  Blarku'ell,  ll.  S.  If  arren, 
and  It.  /'.  Charlesworth 


IN  the  Laboratories  there  are  some 
4200  people;  of  these  about  1500 
are  “members  of  the  technical  staff.” 
They  have  definite  creative  or  super¬ 
visory  jobs.  In  addition  to  the  tech¬ 
nical  staff  there  must  be  men  who 
see  that  the  work  of  the  Laboratories 
is  protected  by  patents,  and  who  see 
that  new  designs  do  not  infringe  the 
patents  of  ethers.  Finally  there  must 
be  a  group  of  departments  made  up 
of  those  whose  responsibility  it  is  to 
keep  the  place  running. 

This  latter,  “staff,”  departments 
re.semble  those  of  any  well  run  or¬ 
ganization.  Its  members  keep  the 
place  in  operation,  recruit  its  per¬ 
sonnel,  keep  contact  with  the  out¬ 
side  world,  provide  heat  and  light 
and  power  and  lodging.  There  are 
also  a  Personnel  Department  and  a 
Bureau  of  Publication,  the  latter  re- 
.sponsible  for  the  release  of  technical 
information  to  the  public  and  press. 

It  is  the  work  of  the  Technical  De¬ 
partment  that  is  most  interesting  to 
the  world  at  large.  Naturally  the 
work  of  1500-odd  scientists  and  engi¬ 
neers  and  mathematicians  divides 
itself  into  groups.  There  are  five  of 
these :  Research  Department,  Sys¬ 
tems  Development,  Apparatus  Devel¬ 


opment,  Transmission  Development, 
and  Protection  Develoi)ment. 

The  Research  group  is  made  up 
of  over  800  employees.  Of  these  470 
are  highly  trained  physicists,  chem- 
i.sts,  mathematicians,  engineers  and 
technicians,  .some  of  them  known 
throughout  the  world  for  their  work. 

Probably  in  no  other  place  in  the 
world  is  there  such  an  assembly  of 
scientific  workers  gathered  together 
in  an  indu.strial  laboratory.  The 
men  combine  outstanding  ability,  in¬ 
terest  and  training  in  science,  with 
a  desire  and  aptitude  for  application 
toward  practical  ends. 


The  Research  Department  u.ses 
the  tools  and  methods  of  physics, 
chemistry  and  mathematics.  The 
work  is  mo.stly  of  a  fundamental 
character;  it  provides  basic  informa¬ 
tion  on  which  the  engineers  of  the 
other  departments  of  the  Labora¬ 
tories  build.  The  Department  con¬ 
ducts  development  work  in  fields 
where  there  is  need  for  unusually 
close  connection  between  re.search 
and  development.  In  particular  it 
develops  and  designs  telephone 
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these  departments  are  responsible 
for  the  development  and  design  of 
apparatus  for  wire  and  wireless  com¬ 
munication.  They  study  to  reduce 
costs,  either  in  manufacture,  main¬ 
tenance,  and  repair  or  through  im¬ 
proved  service.  Inve.stigation  of  ma¬ 
terials  entering  into  the  entire  Bell 
System  is  made  here;  and  specifica¬ 
tions  for  the  purchase  and  manufac¬ 
ture  of  standards  fall  to  the  lot  of 
this  group. 

The  personnel  of  the  Apparatus 
Development  departments  is  divided 
for  our  purposes  into  three  groups: 

First,  those  who  design  the  equip¬ 
ment  and  tools  for  use  by  the  “out¬ 
side  plant”  of  the  Bell  System.  This 
group  works  closely  with  Western 
Electric,  It  is  responsible  for  the 
development  of  cables.  Everything 
used  in  the  field  from  bare  wire  to 
poles  undergoes  continuous  scrutiny 
by  the  personnel  of  this  group.  This 
group  functions  largely  in  the  sev¬ 
eral  outside  locations.  It  designs 
new  or  improved  methods  of  con- 
.struction  and  develops  the  necessary 
tools. 

From  a  second  group  come  appara¬ 
tus  strictly  useful  to  the  telephone 
art,  such  as  transformers,  relays, 
condensers,  filters,  networks,  cords, 
lamps,  keys,  plugs,  jacks,  and  pro¬ 
tective  devices.  Transmission  meas¬ 
uring  apparatus,  loading  or  retard 
coils  originate  here.  Components 
entering  into  dial  telephone  switch¬ 
boards,  teletypewriter  apparatus, 
equipment  for  recording  and  repro¬ 
ducing  sound  by  mechanical  pro¬ 
cesses,  contacts  used  in  switching 
mechanisms  see  light  of  day  here. 
Other  members  of  this  group  are  ex¬ 
perts  on  metallic  and  insulating 
materials. 

A  third  group  is  known  as  the  In¬ 
spection  Engineering  Department. 


Bell  Laboratories  staff  and  built  by 
Western  Electric. 

These  by-products  are  dispo.sed  of 
e  Departments  through  We.stern  Electric  (radio 

equipment)  and  Electrical  Research 

_  ,  Products  (.sound  picture  eiiuipment ) . 

Research 


Protection 

Systems 

i  ss  i  o  n 


The  name  is  descriptive.-  Here  are 
developed  methods  of  inspection  and 
their  adaptation  to  use  by  manufac¬ 
turer  and  installer.  Standards  of 
quality  for  communication  apparatus 
and  sy.stems;  analysis  of  inspection 
data;  never-ending  studies  of  the 
.service  i)erformance  of  laboratory 
designs  are  part  of  the  work  per¬ 
formed  by  men  in  this  important 
group.  For  the  latter  responsibility, 
the  department  has  in  the  field  a 
corps  of  engineers  who  maintain  con¬ 
tacts  with  the  engineering  and  plant 
departments  of  the  Bell  Telephone 
companies  and  advi.se  their  col¬ 
leagues  in  the  design  departments  of 
their  findings. 

The  final  division  of  the  Appara¬ 
tus  Development  Department  may 
be  called,  for  our  purpo.se  ( they  are 
not  called  such  in  the  Bell  System) 
the  By-Product  group.  Although 
the  primary  function  of  the  Labora¬ 
tories  is  to  improve  telephone  com¬ 
munication,  the  same  principles  are 
involved  in  broadca.sting  speech  by 
radio,  and  in  impressing  the  human 
voice,  or  music,  on  records  of  various 
media — such  as  film  or  disc  or  iron 
wire — and  in  translating  the.se  elec¬ 
trical  or  mechanical  recordings  back 
into  .sound.  It  is  inevitable  therefore 
that  certain  .studies  or  apparatus  or 
materials  or  systems  of  components 
should  be  useful  to  radio  telephony, 
to  broadcasting,  to  sound  motion 
pictures.  Air  transport  companies 
and  itinerant  fliers  rely  upon  West¬ 
ern  Electric  transmitting  and  re¬ 
ceiving  radio  apparatus  for  much  of 
their  communication  between  ground 
and  plane.  Many  a  metropolitan  or 
.state  police  radio  station  and  car 
has  in  it  apparatus  developed  in  this 
By-Product  group.  Many  of  the 
best  known  broadcasting  stations 
were  engineered  by  members  of  the 


Sjfxtt  ms  Ih'i'floinni  nt 

The  Apparatus  Development  group, 
having  produced  a  retard  coil,  let  us 
say,  goes  on  to  .some  other  piece  of 
ecjuipment  demanded  by  the  Bell  Sys¬ 
tem.  It  is  primarily  concerned  with 
pieces  of  apparatus,  /a/-  sc.  But 
the.se  isolated  components  must  be 
put  to  u.se.  Of  course  Western  Elec¬ 
tric  builds  the  retard  coil  and  sells 
it  to  the  associated  companies,  if 
they  are  intere.sted.  But  it  can  also 
take  that  retard  coil  and  put  it  with 
some  other  product  of  the  Appara¬ 
tus  Development  group  to  make  an 
assembly.  And  the  design  for  that 
assembly  will  no  doubt  come  from 
the  Systems  Development  group. 

Broadly  speaking,  this  group  en¬ 
gineers  communication  .systems 
which  combine  apparatus  in  an  eco¬ 
nomical  manner  to  operate  efficiently. 
Power  equipment,  and  other  appara¬ 
tus  and  circuits  e.s.sential  to  the  con¬ 
trol,  switching  and  supervision  of 
communication  networks  are  de¬ 
signed  by  this  group.  P'urthermore 
they  study  current  design;  they  pre¬ 
pare  information  neces.sary  for  the 
manufacturer  and  in.staller.  Thus 
We.stern  Electric  gets  detailed  (very 
detailed)  in.structions  as  to  how  to 
build  a  repeater,  what  goes  into  it. 
where  the  parts  are  to  be  located, 
how  to  wire  it  up.  how  to  inspect  and 
test  it.  Similarly  the  installation 
men,  who  finally  put  the  repeater 
into  service,  get  instructions  for  this 
installation,  and  test,  and  main¬ 
tenance. 

The  Systems  Development  groui'S 
are  broadly  divided  into  two  di\i- 
sions,  composed  of  three  larire 
groups  engaged  in  developme  it 
work  and  three  smaller  groups  w  lO 
make  engineering  studies.  On  1  le 
development  side,  one  large  group  is 
concerned  with  central  office  swit  h- 
ing  equipment,  and  all  the  related 
complex  circuit  design.  Other  n  on 
w’ork  on  toll  development  wh  ch 
leads,  naturally,  to  more  effici*  nt 
methods  of  working  the  exi.sting  .  nd 
future  conductors  (multi-chan  nel 
.systems,  carrier  current,  etc.)  1  Re¬ 
peaters  (voice  and  carrier  i  I’e* 
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quency)  for  these  telephone  systems 
and  for  teleKniph  eireuits  come  from 
this  Kroup.  Direct-current,  voice- 
freijuency  and  carrier-frecjuency 
telegraph  systems  form  part  of  the 
work  developed  in  this  portion  of  the 
System  Development  department. 

Until  the  merger  into  the  Labora¬ 
tories  of  Development  and  Research 
^^roups  of  AT&T  in  the  three 

en^ineerinK  vrroups  of  Systems  De¬ 
velopment  were  part  of  “D  &  R.” 
Their  responsibilities,  described  by 
their  title;  Local  Uentral  Ollice  Fa¬ 
cilities,  Toll  Switching  Facilities, 
and  Telegraph  Facilities,  are  di¬ 
rected  more  towards  the  ec(*nomic 
problems  of  annual  costs  and  utiliza¬ 
tion  of  facilities  than  toward  those 
incident  to  development  and  desijrn. 

These  men  attempt  to  envisage 
the  switching'  and  ecpiipment  com¬ 
munication  art.  to  foresee  its  needs 
and  trends  and  to  brin^  desirable 
lines  of  development  to  the  atten¬ 
tion  of  their  colleagues  in  other 
branches  of  the  organization.  From 
these  jrroups  come,  most  jrenerally. 
interpretation  of  re<iuirements  for 
switching  systems  from  those  of  a 
small  PKX  to  the  largest  dial  switch¬ 
board,  from  teletype  exchan^^e  to  the 
teIephoto>rrai)h  .system.  for  toll 
switchinjr  and  siKiiallinir. 


Finally  there  is  a  ^roup  which  is 
responsible  for  the  assembly  of  all 
the  elements  of  a  complicated  .sys¬ 
tem.  It  handles  the  design  of  junver 
e<piii)ment.  It  makes  trial  installa¬ 
tions,  whether  local  or  toll  equip¬ 
ment,  whether  wire  or  radio,  or  tele¬ 
type.  or  telephoto^raph,  or  telejrraph 
ecjuipment  of  new  or  special  charac¬ 
teristics.  Installation  methods,  speci- 
tications  for  the  manufacture  and 
installation  of  the  eciuiicment,  and 
for  the  assembly  procedure — all 
come  under  the  control  of  this  jrroup. 

Another  jrroup  of  erstwhile  AT&T 
“D  &  R”  men.  now  at  the  Labora¬ 
tories.  is  the  Transmission  Develop¬ 
ment  department.  It  develops  and 
establishes  operating  standards  for 
transmission  and  other  functional 
operations  of  communication.  On 
the  basis  of  its  studies  of  po.ssible 
needs,  many  important  developments 
have  been  undertaken,  and  carried 
to  completion.  It  has  departments 
concerned  with  jreneral  transmission 
design,  transmission  (luality  of  tele¬ 
phone  .sets  and  circuits;  radio  trans¬ 
mission  development;  transmission 
theory,  mathematical  analy.ses,  noi.se 
and  crosstalk  prevention  whether  of 
room  noi.se  in  central  telephone 
offices  or  noise  induced  by  crosstalk 
in  transmission  circuits;  and  finally 


it  has  groups  concerned  with  toll 
transmission  development  including 
all  problems  of  long  di.stance  trans¬ 
mission  of  signals  or  speech. 

It  is  the  responsibility  of  this 
group  for  example  to  apply  the 
mathematical  tool  of  probability  to 
see  how  many  circuits  will  be  needed 
in  ten  or  twenty  or  more  years,  and 
to  urge  the  research  groups  to  get 
bu.sy  on  a  project  which  in  1946  or 
19.56  will  carry  the  expected  load. 

Thus  in  1918  it  was  propo.sed  that 
a  cable  be  put  through  from  New 
York  to  Chicago,  to  take  care  of  the 
natural  expansion  of  .service  ex¬ 
pected  and  to  obtain  greater  freedom 
from  interruption  by  storms.  To 
depend  upon  increasing  the  number 
of  wire  lines  to  take  care  of  growth 
in  New  York-Chicago  traffic  was  not 
the  way  to  tackle,  in  advance,  this 
problem.  The  cable  was  most  costly, 
but  ultimately  more  economical. 

A  thou.sand  miles  of  cable,  how¬ 
ever.  with  its  repeater  stations  every 
.50  miles  was  a  big  project.  It 
brought  up  problems  not  found  on 
shorter  haul  circuits.  For  example, 
the  temperature  between  New  York 
and  Chicago  might  be  radically  dif¬ 
ferent.  in  fact,  there  might  be  .sev¬ 
eral  extremes  of  temperature  at 
various  places  along  this  thou.sand- 
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"^rar:  Telephone  transmitters  ns 
'  irs  tell  u'hat  a  human  tvnuld 
I  'ar  in  Oscar's  place.  He  is  an 
important  laboratory  assistant 


Artificial  mouth:  Testin/i  a  new 
handset  transmitter  with  a  dynamic 
receiver  as  the  source  of  sound 


Fatipue  testing:  This  machine 
operates  the  contacts  in  handset 
mountings,  under  conditions  simu¬ 
lating  actual  use 


I 

I 


I 
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munication  than  anybody  else.  Rut 
they  also  know  a  Ki’t^Jit  deal  about 
chemistry  and  physics,  not  only  as 
they  are  applied  to  communication 
but  also  for  their  own  sweet  sakes. 
And  some  of  them  are  amon^'  the 
best  expositors  of  science,  both 
technical  and  popular,  now  writing. 

The  initial  problem  is  .selection  of 
the  men.  The  technical  staff  of  the 
Laboratories  has  been  recruited 
from  many  sources  over  a  lonjr  period 
of  time.  Some  have  ^M'own  up  with 
the  Laboratories  from  their  bev’in- 
niuK  in  11K)7,  a  few  have  come  in 
from  other  industrial  jobs,  but  the 
majority  entered  the  Laboratories 
directly  upon  their  completion  of 
technical  .school  of  graduate  scho<*l 
courses.  The  manufacturinjr  «)r^an- 
ization  of  Western  Klectric  and  the 
plant  of  the  operatin>r  companies 
have  proved  excellent  recruiting 
ground,  especially  for  men  who  must 
understand  how  to  ai)ply  develop¬ 
ments  to  the  System  as  a  whole. 
Many  men  have  come  from  teaching 
or  from  academic  research  labora¬ 
tories. 

Once  chosen,  the  men  must  be 
placed  where  their  abilities  can  be 
used  to  advantajre.  In  many  ca.ses 
this  is  easy;  the  man  has  a  special 
aptitude  readily  classifiable.  Or  he 
may  have  a  preference  for  a  certain 
kind  of  work.  In  this  ca.se  he  is 
usually  driven  a  chance  to  follow  his 
bent.  Later,  if  his  jfues.s  i.s  wron^'. 
he  may,  on  his  own  rcH.*ommendati(»n. 
be  transferred  to  some  other  dei)art- 
ment.  Some  men  are  transferred  as 
many  as  six  times  before  they  find 
their  niche;  but  in  most  cases  one  or 
two  transfers  suffice  to  find  the 
proper  place.  But  it  should  be  noted 
that  the  man’s  own  preference  is  al¬ 
ways  considered;  usually  it  plays 
the  major  role  in  adjustin^r  each  n.an 
to  his  work.  Obviously  men  must 
be  found  to  do  a.l  the  jobs  ’he 
Laboratories  have  tc  do;  but  no  nian 
is  forced  to  work  on  i)roblems  which 
bore  him.  or  which  he  finds  too  d  ffi- 
cult  or  too  ea.sy. 

Once  selected  and  placed,  the  m.i n’s 
interest  must  be  kept  up  and  his 
ambition  stimulated.  The  .stim  la- 
tion  comes  from  .several  sour  es. 
Most  obvious  are  advances  in  sa  iiy 


Another  former  AT&T  group  con¬ 
cerns  itself  with  the  protection  of 
the  Bell  System  circuits  from  inter¬ 
ference  and  hazards  whether  of 
lightning  or  inductive  coupling  with 
neighboring  power  circuits.  This 
department  cooperates  on  a  joint 
committee  of  the  Edison  Electric 
Institute  and  the  Bell  Telephone  Sys¬ 
tem  in  the  study  and  coordination  of 
mutually  proper  procedures. 


mile  route;  and  a  variation  in 
temperature  causes  a  variation  in 
the  transmission  characteri.stic  of 
the  wires  within  the  cable.  If  the 
loading  coils,  etc.,  were  designed  for 
one  temperature,  an  adjustment 
might  be  necesi^ary  at  some  other 
temperature. 

There  was  a  better  way — two 
years  before  any  of  this  cable  was  to 
go  into  service,  the  problem  of  varia¬ 
tion  in  temperature  was  tackled. 
The  engineers  suggested  a  pilot  wii’e 
be  run  in  the  cable  alongside  its 
conductors  for  two  hundred  and 
fifty  or  so  conversations.  As  the 
electrical  characteristics  of  these 
conductors  changed  with  tempera¬ 
ture,  so  would  those  of  the  pilot 
wire.  Since  this  wire  would  carry 
no  conversation — its  inductance,  re¬ 
sistance  and  its  capacity  could  go  up 
or  down  as  it  pleased.  In  exchange, 
however,  it  would  effect  correspond¬ 
ing  changes  in  the  circuits.  If  the 
attenuation  went  up  because  of  some 
change  in  weather,  the  pilot  wire 
would  increase  the  amplifier  gain  at 
the  repeater  stations  and  the  overall 
effect  of  this  weather  change  would 
be  zero. 

The  point  is  that  long  before  the 
cable  was  to  go  into  service,  men 
were  at  work  on  problems  that  would 
arise — and  the  Transmission  Devel¬ 
opment  groups  .saw  those  problems 
and  reque.sted,  long  in  advance,  a 
solution. 


WITHOUT  doubt  the  most  in¬ 
teresting  part  of  any  organiza¬ 
tion  i.s  the  body  of  men  in  it.  Men 
as  per.sons.  men  as  brains,  men  as  di¬ 
rectors  of  other  brains,  men  who 
earn  their  keep  by  dexterous  and 
cooperative  application  of  their 
minds  and  hand.s — these  are  always 
the  units  by  which  i)roblems  are 
found,  formulated,  solved.  In  this 
respect  there  i.s  probably  no  more 
noteworthy  body  of  .scientific  men  in 
the  world  than  the  personnel  of  the 
Bell  Telephone  Laboratories.  Con¬ 
sider  the  facts:  Of  the  4200  em¬ 
ployees  of  the  Laboratories  no  fewer 
than  1500  are  rated  as  “Members  of 
the  Technical  Staff,’’  which  means 
that  they  are  trained  specialists, 
many  of  them  the  leading  authorities 
in  their  fields.  Over  120  different 
colleges  and  universities  are  repre¬ 
sented  in  the  academic  degrees  pos- 
.ses.sed  by  the.se  “Members  of  the 
Technical  Staff.’’  In  sheer  numbers 
and  nominal  technical  training 
therefore,  the  group  of  engineers 
and  .scienti.sts  working  in  the 
Laboratories  i.s  outstanding.  Equally 
striking  is  the  breadth  of  in¬ 
terests  and  occupations.  From  pure 
mathematicians,  fully  familiar  with 
both  esoteric  and  practical  applica¬ 
tions  of  numbers  and  symbols, 
to  pure  empirici.sts  who  measure  the 
“tackine.ss”  of  a  new  adhesive,  these 
men  as  a  group  might  be  gues.sed  to 
know  more  about  electrical  com¬ 


Instrar:  ions  for  I  he  field:  Mohing  a  movie 
of  the  correct  wuy  to  make  ami  apply 
mortar  Icindage  joints.  Reproductions  of 
the  mode  are  used  to  instruct  the  field 
forces  of  the  Bell  System 
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and  responsibility.  But  an  equally 
important  I’aetor  is  broadening  and 
deepening  of  interests  throujrh  con¬ 
tact  with  the  other  members  of  the 
.••tafT.  The  administration  of  the 
Laboratories  has  wisely  fostered  this 
latter  opportunity  with  a  comi)rehen- 
sive  out-of-hours  educational  pro¬ 
gram.  Each  year  there  are  more 
than  a  thousand  re^'ist  rat  ions  in 
courses  driven  by  Members  of  the 
Staff  for  the  benefits  of  <»ther  Mem- 
beiY.  The  courses  are  tau^'-ht  be 
tween  S  and  1)  a.m.  and  betwe-en  o 
and  (>  p.m.  several  days  a  week. 
They  cover  a  wide  ranjre.  correspond¬ 
ing  roughly  to  the  ^M-aduate  course'; 
in  colle^'e  on  subjects  such  as  differ¬ 
ential  c*(|Uations.  telephone  system';, 
carrier  telephony,  vacuum  tubes, 
filters  and  networks.  .Material  pre¬ 
sented  in  these  courses  has  been  pub¬ 
lished  in  books  which  have  found 
wide  use  i!i  colleges.  Examples  arc* 
“Transmission  Circuits  and  Tele- 
pho!Uc  Communications”  by  K.  S 
•lohnson,  “Spec'ch  and  Hearing'”  by 
Harvey  Fletcher.  “Probability  and 
Its  EnKineeriiiK'-  Uses”  by  T.  ('.  Fry. 
“Tra’nsmi.ssion  Networks  and  Wave 
Filters”  by  T.  E.  Shea,  and  "Theory 
of  Vibrating  Systems”  by  I.  K. 
Crandall. 


hriivn:  Apimritlits  for  iiniilyzin):  mituilr  iinantities  of  /ins  found 
in  latuum  liihes 


late  afternoon  cla.s.ses  in  mathema¬ 
tical  physics  and  theoretical  chemis¬ 
try.  .Many  of  the.se  men  obtain 
.Master’s  de^rrees  and  quite  a  few 
have  attained  the  Doctor  of  Philoso¬ 
phy. 

Employees  who  are  not  members 
of  the  technical  staff  are  also  given 
every  opportunity  to  improve  their 
educational  background.  Many  of 
these  are  young  men  of  high  .school 
preparation  who  entered  the  Labora¬ 
tories  as  draftmen  or  laVcoratory 
assistants;  in  general  they  are  of  the 
caliber  which  would  have  completed 
technical  college  cour.ses  had  not 
financial  or  family  reasons  pre¬ 
vented.  So-called  “Student  Assist¬ 
ants’  Courses”  held  one  hour  a  day 
on  company  time,  require  two  or 
three  hours’  study  on  the  .student’s 
own  time.  The.se  cour.ses  train  men 
to  accept  duties  of  increasingly  tech¬ 
nical  nature,  .so  that  eventually  they 
have  schooling  at  least  in  electrical 
communication,  substantially  equiva- 


stated  to  .some  extent.  The  engi¬ 
neering  shop  maintained  for  many 
years  a  standard  apprentice  course 
for  in.strument  makers.  This  had  to 
be  given  up  during  NRA  but  boys 
now  recruited  for  that  work  are 
given  instruction  in  shop  mathema¬ 
tics,  drafting  and  the  like  for  one 
hour  a  day. 

A  major  problem  in  personnel  di¬ 
rection  is  the  rewarding  of  a  con¬ 
spicuously  commendable  piece  of 
work  by  an  individual  or  group  in 
the  organization.  Examples  are  im¬ 
portant  patents  issued  to  members 
of  the  staff.  These  patents  are  as¬ 
signed  to  the  Bell  Laboratories; 
they  are  Bell  System  property.  In 
many  other  large  companies  this 
practice  has  been  the  root  of  much 
difficulty  but  the  problem  has  never 
led  to  ill-feeling  in  the  Laboratories. 
The  reason  is  that  the  men  realize 
that  invention  is  merely  part  of  their 
job.  which  is  cooperative  in  nature; 
even  if  the  act  of  invention  is  en- 


h.lliplir  intejcrnl:  A  vomplvx  ex¬ 
pression  necessnry  for  a  simple 
iinsuer,  used  hy  the  nuithemnti- 
rinns  to  compute  the  mnicnelic 
Held  outside  the  spiral  firid  of  a 
caciium  tube.  From  an  educational 
poster  of  the  Fahoraittries 


lent  to  a  college  course.  Many  of  tirely  individual  the  rest  of  the 
these  boys  have  obtained  leaves  of  group  has  cooperated  at  least 
's  part  of  the  educational  pro-  absence,  attended  colleges  nearby  to  the  extent  of  removing  the 
n,  an  arrangement  with  Colum-  and  earned  technical  degrees;  sev-  distracting  problems  from  the  in- 
biii  University  has  been  made  so  that  eral  accomplished  the  same  result  by  ventor’s  concern.  In  most  cases  the 
a  l"zen  or  so  young  men  each  year  going  to  night  school.  This  type  of  cooperation  is  much  more  active 
Jn*  relea.sed  from  company  duties  training  was  di.scontinued  during  than  that.  There  are  usually  many 
t''  or  three  times  a  week  to  attend  the  depre.ssion,  but  has  been  rein-  men  shaking  the  tree  when  the  plum 
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genial  atmosphere,  associated  with 
others  of  similar  if  diversified  inter¬ 
ests  and  ambitions,  and  they 
have  satisfaction  in  accomplishment 
which  apparently  takes  the  place  of 
more  material  rewards. 


Having  all  this  physical  and 
mental  equipment,  it  must  not 
be  supposed  that  work  for  the 
Laboratories  rises  out  of  thin  air. 
Discoveries  are  made,  it  is  true,  that 
change  radically  pa.st  lines  of 
thought  and  procedure  and  provide  a 
new  line  of  endeavor — the  Hlack 
feed-back  amplifier  is  a  good  ex¬ 
ample.  But  discoveries  are  rare; 
and  if  the  .scientists  and  engineers 
of  the  Laboratories  sat  around  mak¬ 
ing  discoveries  or  waiting  until 
someone  else  popped  up  with  a  di.s- 
covery,  there  would  probably  not  be 
enough  work  to  go  around. 

Projects  on  which  the  Labora¬ 
tories  work  arise  in  various  ways. 
Someone  may  invent  a  problem — 
that  of  transcontinental  telephony, 
for  example.  Or  a  broad  subject 
may  arise  out  of  the  knowledge  that 
a  single  pair  of  wires  will  carry  a 
limited  number  of  voice  frequency 
channels  and  the  knowledge  that 
sooner  or  later  there  will  be  more 
conversation  than  wires  to  carry 
them.  This  is  a  general  problem. 
How  is  it  to  be  solved?  One  answer 
is  to  multiplex  a  pair  of  wires  so 
that  one  set  of  conversations  can 
use  them  in  .series  and  another  con¬ 
versation  may  u.se  the  pair  in 
parallel  against  the  ground  ( or  a 
similar  i)air)  as  the  return.  Or 
carrier  frequencies  may  be  used  with 
the  result  that  each  carrier  channel 
on  each  pair  of  wires  w’ill  carry  two, 
four  or  a  dozen  conver.sations.  Still 
another  amswer  is  to  invent  a  new 
type  of  wire,  a  new  conductor,  that 
will  increase  the  number  of  con¬ 
versations  per  pair.  Such  is  the 
coaxial  cable. 

Another  .source  of  projects  for  de¬ 
velopment  lies  in  the  recognition  of 
certain  broad  fields  in  which  inves¬ 
tigations  .should  be  carried  out  in 
the  expectation  of  profitable  results. 
The.se  fields  may  be  broad,  as  for 
example  electronics,  insulating  ma¬ 
terials,  magnetic  materials — or  the 
fields  may  be  relatively  narrow,  but 
still  capable  of  saving  the  System 
money  or  providing  better  service 
for  the  .same  price.  Here  lie  inve.s- 


/'«»/♦>  pUmttition:  Deriiy-lf'siinf! 


tigations  leading  to  better  loading 
coils,  transformers,  relays,  micro¬ 
phones  and  the  like. 

There  are  broad  fields  in  which 
re.search  goes  on  continually,  often 
paralleling  the  work  taking  place  in 
.some  other  industrial  or  collegiate 
laboratories.  For  the  Bell  System 
must  be  abreast  of  .scientific  ad¬ 
vances  and  discoveries  in  every 
known  field.  Thus  engineers  re¬ 
sponsible  for  some  project  consider 
each  day’s  increment  of  knowledge 
to  see  if  it  can  be  profitably  applied 
to  the  problem  at  hand.  If.  for  ex¬ 
ample,  .someone  .somewhere  invents 
or  discovers  a  new  magnetic  alloy, 
its  properties  are  immediately 
studied  and  designs  of  existing  elec¬ 
tromagnetic  apparatus  are  reconsid¬ 
ered  in  the  light  of  the  newly  avail¬ 
able  materials. 

Many  projects  ari.se  from  the  im¬ 
mediate  and  definite  needs  of  the 
operating  company  (AT&T  ».  Other 
projects  ari.se  through  contact  with 
the  manufacturing  company  (W.PL' 
and  new’  methods  of  manufactu’e 
and  inspection  may  thus  arise. 

One  source  of  research  project-, 
and  perhaps  the  most  fruitful  of  a  1. 
is  research  it.self.  Research  is  a 
branching  process.  As  new  i  i- 
formation  is  uncovered,  as  new  i  - 
lationships  are  worked  out  which  ’  e 
together  physical  phenomena  .so  is 
to  make  them  more  under.standab  e, 
new  leads  for  re.search  are  i  a- 
earthed.  Finding  the  answer  to  <  le 
que.stion  whets  the  appetite  of  1  'le 
investigator  to  study  other  questi<  ns 


Materials:  A  corner  of  the  mechanical 
testing  laboratory,  shotcing  telephony  is 
not  all  tcires  and  sound 


drops  on  the  inventor.  A  man  en¬ 
tering  a  new  field  may  make  an  in¬ 
vention  every  few’  days;  and  get 
patents  on  them.  A  man  in  a  field 
long  established  may  njake  contribu¬ 
tions  to  the  System  which  are  of 
even  greater  value,  but  which  are 
not  inventions  and  therefore  not 
patentable.  These  facts  are  w’ell 
recognized  by  the  Laboratories. 

In  general,  .salary  increases  come 
primarily  from  a  man’s  ability  in 
cooperative  endeavor  rather  than  for 
conspicuous  individual  accomplish¬ 
ments.  This  emphasis  on  coopera¬ 
tion  is  not  only  sound  logic  in  an 
organization  of  so  many  different 
types  of  men  and  work;  it  also  re¬ 
sults  in  better  work  by  each  individ¬ 
ual.  And  in  general  salary  consid¬ 
erations  are  much  le.ss  important  in 
this  group  than  in  most  non-techni- 
cal  groups  of  the  same  size.  The 
men  are  grouped  together  in  a  con- 


and  Philadelphia.  This  cable  differs 
from  the  ordinary  bundle  of  wires 
covered  with  a  lead  sheath  in  that 
it  has  only  two  conductors,  an  inner 
wire  supported  on  insulators  in  the 
center  of  a  larger  conductor  which 
is  grounded.  The  exact  characteris¬ 
tics  of  such  a  cable  depend  upon  the 
relative  diameters  of  these  two  con¬ 
ductors.  but  under  any  conditions  it 
will  pass  an  extremely  wide  band 
of  frecpiencies. 

Now  what  does  this  mean?  A 
single  pair  of  open  or  cabled  wires 
will  carry,  at  voice  frequency,  one 
channel  as  a  maximum.  Here  the 
currents  traverse  the  two  wires  in 
series.  But  if  a  second  pair  of  con¬ 
ductors  is  provided  (four  wires) 
three  channels  are  available.  Or¬ 
dinarily  the  voice  frequencies  passed 
are  from  250  cycles  to  about  2700 
cycles.  If  a  telegraph  channel  is 
provided  requiring  no  frequencies 
higher  than  80  cycles,  on  top  of  the 
voice  currents  may  be  superposed  a 


yet  other  advances.” 

Now,  having  a  problem,  how  is  it 
solved? 

V'arious  groups  interested  in  a 
project  (which  may  have  its  origin 
in  .some  individual’s  mind)  get  to¬ 
gether  to  see  (1)  should  the  project 
be  .started.  (2)  how  shall  the  work 
be  divided,  (3)  how  much  will  it 
cost.  If,  as  the  scheme  goes  up  the 
line,  getting  up  higher  and  higher 
in  the  hierarchy  of  supervisors  and 
department  heads,  it  seems  that 
.something  worth  while  will  come  of 
it.  a  ‘‘case  number”  is  assigned,  the 
jtroject  (or  “case”)  is  opened,  an 
ai)propriation  is  made,  the  pctrtion 
that  individual  groups  will  carry  out 
is  determined  and  work  starts.  Ul¬ 
timately  a  broad  project  will  involve 
practically  every  department  in  the 
Laboratories.  Or  conver.sely.  a  small 
I)roject  may  merely  be  added  on  to  a 
“case”  already  under  investigation. 

Consider  the  coa.xial  caV)le,  now 
being  installed  between  New  York 


which  have  occurred  to  him  in  his 
course  of  study.  The  path  to  the 
answer  to  the  main  pr»»l)lem  may  be 
strewn  with  unanswered  questions 
which  may  be  clean'd  up  later,  by¬ 
products  which  may  lead  to  impor¬ 
tant  new  designs  or  di.scoveries. 

The  test  of  one  invention  stimu¬ 
lates  other  inventions.  The  problem 
of  the  Laboratories’  executives  is 
not  to  find  work  to  do  but  to  select 
from  all  the  promising  leads  those 
which  seem  to  promise  most  ultimate 
usefulness  to  the  art  «)f  communica¬ 
tion.  It  is  in  this  selective  function 
that  the  experience,  judgment  and 
al)ility  of  the  executives  are  so 
important. 

.As  Dr.  Jewett,  the  President  of 
the  Laboratories  said,  in  his  recep¬ 
tion  of  the  Franklin  Institute  medal. 
I'art  of  his  responsibility  is  that  of 
“applying  critically  to  results  and 
Iiropo.sals.  the  tests  which  come  with 
ago  and  much  .sad  experience.”  To 
maintain  proper  atmosphere  for  co¬ 
up  rative  endeavor,  to  enable  many 
ni'  !i  to  develop  the  maximum  of  their 
VI'  itive  .scientific  ability,  to  avoid 
"a  te  motion  and  loss  of  effort  by 
car  lying  out  the  less  important  rath- 
'ban  the  more  important  research 
ai  i  development  projects,  those  are 
th'  problems  of  the  Laboratories’ 
cx  utives.  Dr.  Jewett  still  sees 


Crossbars:  A  ncic  type  of  stiilch- 
ing  equipment  for  dial  systems 


telegraph  message.  Thus  two  pairs 
of  wires  will  carry  3  telephone  con¬ 
versations  and  2  telegraph  messages. 
This  is  the  limit  at  voice  frequencies. 

Now'  on  open  wire,  and  cable  to 
some  extent,  we  may  use  “carrier” 
frequencies,  say  5  to  30  kilocycles. 
In  this  region  there  may  be  6  one¬ 
way  channels  each  2.5  kc.  wide;  on 
a  pair  of  these  channels  we  may 
have  one  telephone  conversation. 
Thus  by  going  to  carrier  we  have 
increased  the  number  of  channels 
that  may  be  carried  on  a  single  pair 
of  w’ires  from  one  to  four  and  on  two 
pairs  of  wires  from  3  to  9. 

The  coaxial  cable,  however,  will 
pass  a  band  of  frequencies  one  mil¬ 
lion  or  more  cycles  wide.  On  it  we 
may  have  200  one-way  channels  each 
2750  cycles  wide.  Anyone  can  see 
that  there  is  some  sense  to  a  sys¬ 
tem  employing  a  coaxial  conductor — 
provided  its  annual  cost  per  channel 
can  be  made  less  than  that  of  other 
types  of  conductors. 

The  coaxial  system  was  born  in 
the  mind  of  an  engineer  in  the  Trans¬ 
mission  Development  Department.  It 
was  studied  mathematically  to  deter¬ 
mine  its  theoretical  possibilities  and 
some  preliminary  experiments  were 
done  to  check  the  theory.  The  re¬ 
sults  of  this  study  w’ere  submitted 
to  the  Research  Department  for  fur¬ 
ther  study  and  experimental  devel¬ 
opment.  A  group  of  research  workers 
was  assembled  to  work  on  the  prob¬ 
lem  of  a  coaxial  system  and  explore 
its  possibilities  in  the  laboratory. 
Soon  the  proposed  system  began  to 
change  its  appearance.  It  was  found 
that  a  much  smaller  structure  could 
be  used  for  the  coaxial  line  than  was 
first  conceived.  When^they  actually 
tried  to  build  an  amplifier  for  the 
coaxial  system  new-  problems  were 
encountered  for  never  before  had  en¬ 
gineers  tried  to  handle  such  a  wide 
band  of  frequencies  in  one  amplifier. 
New'  types  of  corrective  circuits  to 
minimize  distortion  and  crosstalk  be- 
tw’een  channels  had  to  be  developed 
by  mathematicians  using  new'  meth¬ 
ods  of  mathematical  attack.  New' 
vacuum  tubes  had  to  be  developed  to 
meet  the  requirements  of  the  ampli¬ 
fier;  the  transmission  characteris¬ 
tics  of  different  types  of  line  con¬ 
struction  had  to  be  studied ;  new'  ma¬ 
terials  had  to  be  developed  to  give 
required  mechanical  and  electrical 
properties. 

Research  on  this  project  is  still 


in  progress  and  very  far  from  com¬ 
pletion,  but  already  the  Apparatus 
Development  and  Systems  Develop¬ 
ment  Departments  have  been  called 
in  to  develop  and  build  the  struc¬ 
tures  required  for  a  trial  installa¬ 
tion.  Meanwhile  the  Transmission 
Development  Department  follows  the 
whole  project  from  the  transmission 
point  of  view  and  continues  to  give 
broad  consideration  to  this  .system 
in  relation  to  other  possible  systems 
of  transmission  with  which  it  has  to 
compete.  Out  of  this  effort  will  come. 
Bell  engineers  believe,  a  valuable  ad¬ 
dition  to  the  facilities  of  the  Sys¬ 
tem.  but  in  addition,  out  of  it  will 
come  a  ho.st  of  research  problems 
which  are  likely  to  engage  the  va¬ 
rious  departments  for  several  years 
to  come;  and  out  of  the  research 
which  ensues  will  come  inventions 
and  knowledge  applicable  to  many 
other  jiarts  of  the  telephone  business. 

One  department  frcMiuent'.y  jiro- 
vides  a  project  for  another.  Often 
the  needs  of  a  Bell  System  operating 
company  furnish  the  Laboratories  a 
jiroject  which  may  have  widespread 
ramifications  before  the  ca.se  is 
closed.  A  ca.se  in  point  was  that  of 
cable  corrosion. 

At  .some  points  on  the  Pacific 
Coast,  underground  cables  in  creo- 
.«cted  w'ood  ducts  W'ere  failing  in 
service  due  to  corrosion  of  the  cable 
sheath.  Electrolysis  w'as  quickly 
eliminated  as  a  cau.se,  and  no  un¬ 
usual  acidity  was  found  in  the  soil. 
Since  corrosion  did  not  occur  when 
the  ducts  were  Hooded  by  w'ater.  but 


rather  when  water  dripped  upon  the 
cables,  it  was  suspected  that  some 
gas  in  the  ducts  dissolved  in  the 
drops  of  water  and  rendereil  them 
corrosive.  This  theory  was  support¬ 
ed  by  analysis  of  the  corrosion-prod¬ 
uct.  Accordingly  an  instrument  for 
collecting  and  analyz.ing  the  air  in 
the  ducts  was  devised,  and  it  was 
soon  shown  that  carbon  dioxide  and 
acetic  acid  vapors  were  pre.-^ent  in 
definitely  corrosive  amounts.  Inves¬ 
tigations  at  the  plant  where  the  ducts 
were  made  showed  that  the  particu¬ 
lar  wood  u.sed  —  Douglas  fir — con¬ 
tained  considerably  larger  ipiantities 
of  acid  than  other  varieties  which 
had  given  no  trouble.  Laboratory 
studies  of  this  wood  showed  that  the 
acid  couid  be  neuti'alized  by  ammonia 
gas.  and  a  method  of  Howing  this  gas 
through  the  ducts  was  developed. 
After  it  had  been  applied,  trouble 
from  sheath  corrosion  i)ractically 
ceased. 

One  of  the  earliest,  and  perhap  • 
one  of  the  biggest  projects  arose 
from  the  visit  of  the  then  ('hief  En¬ 
gineer  of  .AT«Si:T  to  ('alifornia  in 
the  days  before  a  per.son  in  New 
York  could  talk  to  one  in  San  Fran¬ 
cisco.  Oeneral  .1.  .1.  ('arty  came  home 
(this  was  in  P.>09),  wrote  a  memo¬ 
randum  to  the  vice-president  to 
whom  he  reported,  recommending 
that  work  be  started  on  a  trans¬ 
continental  line.  He  wanted  men 
and  money  to  develop  a  new  repeater 
(one  was  then  available  but  not  sat¬ 
isfactory)  which  would  restore  the 
strength  of  speech  currents  as  tin-; 
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were  weakened  hy  transmission  over 
v:reat  lengths  of  wire. 

Physicists  and  engineers  were 
hired  and  put  on  the  joi)  of  solving 
the  underlyin^r  ])roi)lems.  Working? 
utKier  the  leadership  of  Dr.  F.  B. 
Jewett  and  Mr.  K.  11.  C'olpitts,  the 
.solution  was  found.  It  involved  the 
development  (tf  the  deForest  audion 
into  the  modern  hi>rh-vacuum  elec¬ 
tron  amplitier-tuhe.  now  made  and 
.sold  at  the  rate  of  nearly  80  million 
a  year.  In  1014  the  transcontinental 
service  was  inau^ru rated. 

In  (Jeneral  ("arty’s  original  memo¬ 
randum  he  stated  that  the  proh- 
leni  of  lonjr-distance  radio-telei)hony 
mii'ht  he  solved  as  a  result  of  this 
project  of  the  tran.scontinental  sys¬ 
tem.  And  sure  enounh,  in  1015 
voiifs  were  .sent  hy  radio  from  Ar¬ 
lington,  Virginia  to  Paris.  Thus  the 
jfid  .ndwork  was  laid  for  the  i)resent 
.sy-’-mi  which  connects  the  I’nitetl 
St.r.s  with  Kuroi)e  hy  radio 
tel'  lone. 

STE  mention  has  been  made  of 
he  fact  that  the  vainott  d’etre  of 
the  .ahoratories  is  to  improve  the 
at’t  f  telephone  communication,  by 
"ir.  or  radio;  and  that  certain  by- 
Prei.  icts  have  arisen  from  the  re¬ 
seat  !i  carried  out  on  this  premi.se. 
One  'f  the  fir.st  was  the  public  ad- 
dre-'  system  made  possible  by  the 


improved  forms  of  microphones,  new 
amplitiers,  and  tinally  by  the  first 
real  loud  speakers.  All  radio  men 
whose  experience  dates  back  to  1921 
will  remember  the  demand  for  a  loud 
speaker.  The  horns  of  that  period 
were  simply  telephone  receivers  at¬ 
tached  to  a  metallic  spout.  Western 
Electric  .sold  one;  then  came  its  10-A, 
a  power-operated  horn  which  had  a 
rinjr-shaited  conductor  vibrating  in 
a  magnetic  field  (battery-operated) 
and  drivin^r  a  diaphra^'ni.  Finally 
came  the  cone  speaker,  the  540-AW. 
another  by-product  of  the  Labora¬ 
tories. 

One  of  the  (piestions  that  was  ajri- 
tatiiiK  commercial  men  in  192:1  was 
this;  “Will  the  radio  supplant  the 
phonograph?"  In  a  short  while  it 
seemed  certain  that  such  was  >roin>r 
to  be  the  ca.se.  But  the  amplifier 
made  it  possible  to  record  and  re- 
ju’oduce  music  and  voice  currents 
with  a  depree  of  tone  fidelity  not 
approached  by  the  old  phonojjraphs. 
Using  the  electrical  apparatus  de¬ 
veloped  for  this  purjio.se.  Bell  en¬ 
gineers  demonstrated  to  the  phono- 
grajih  companies  the  way  to  resur¬ 
rect  their  lagging  business,  the  way 
( finally  as  it  turned  out,  the  otdif 
way)  to  compete  with  the  radio. 

Thus  the  Orthophonic  phonograph 
was  born.  Its  mechanical  apparatus, 
.stylu.s,  tone  arm.  .sound  chamber 
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l.ife  test:  Jltt-.l’s  in  a  fifteen-meter 
oscillator  of  unusual  desifins 


were  carefully  designed  .so  that,  as 
in  an  electrical  system,  its  “im¬ 
pedances  were  matched”  to  give  effi¬ 
cient  operation  and  to  extend  the 
frequency  range  much  beyond  the 
capabilities  of  the  older  instruments. 

Sound  pictures  really  got  their 
start  in  1927,  with  the  production  of 
A1  Jol.son’s  Jazz  Singer.  This  was 
.sound  on  di.sc,  the  synchronism  be¬ 
tween  film  and  record  being  con¬ 
trolled  by  elementary  methods.  In 
1928  Hollywood  took  the  plunge;  it 
bought  sound  equipment  in  such 
amounts  that  the  Hawthorne  plant 
of  Western  Electric  worked  extra 
shifts.  By  the  end  of  the  year  16 
recording  channels  were  in  u.se;  but 
by  the  end  of  1929  116  had  been  in- 
.stalled.  Much  of  this  ecjuipment 
came  from  the  Bell  Laboratories’ 
designs. 

Sometimes  it  takes  these  by-prod¬ 
ucts  a  long  time  to  “prove  in.”  For 
a  generation  or  more,  men  have 
.schemed  to  send  pictures  by  wire. 
The  basic  groundwork  was  dene  many 
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years  ago.  But  pictures  by  wire 
were  not  very  good  until  the  Lab¬ 
oratories  got  after  the  problem,  when 
a  system  was  developed  which  could 
transmit,  from  a  transparency  (film) 
a  print  so  perfect  that  it  was  diffi¬ 
cult  to  tell  it  from  a  contact  print 
made  at  the  transmitting  end. 

The  Bell  System  envisaged  a  net¬ 
work  of  picture  transmitting  appara¬ 
tus  spread  over  the  country,  thus 
offering  the  public  a  new  service. 
Already  people  could  talk  over  wires; 
now  they  could  send  pictures  over 
wires.  Stations  were  put  in  at  half 
a  dozen  strategic  cities. 

But  business  was  slow.  No  one 
wanted  to  send  pictures.  The  trouble 
was  that  you  had  to  take  the  pic¬ 
ture  to  the  central  office  at  the  trans¬ 
mitting  end  and  you  had  to  call  for 
it  at  the  receiving  end.  Finally  the 
machines  were  more  or  less  forgot¬ 
ten.  The  picture  transmission  scheme 
was  a  commercial  flop. 

But  the  idea  was  not  forgotten. 
The  system  was  improved.  Prints, 
instead  of  film  negatives,  could  be 
used  in  sending.  Much  larger  pic¬ 
tures  could  be  sent  and  the  speed 
was  more  than  doubled.  Finally  the 
Associated  Press  became  interested; 
a  network  of  transmitters  and  re¬ 
ceivers  was  installed — but  with  the 
machines  in  the  offices  of  the  news¬ 
papers — not  at  some  telephone  com¬ 
pany  station  in  another  part  of  town. 
Furthermore,  times  had  changed. 
The  new  mode  in  publishing  w'as  to 
supplement  the  written  word  by 
many  more  pictures;  and  like  the 
words,  the  pictures  must  travel  fa.st. 

Thus  the  picture  transmission  sys¬ 
tem,  for  which  there  seemed  to  be  no 
market,  finally  found  its  niche. 

As  far  as  the  Bell  .System  is  con¬ 
cerned,  broadcasting  sprang  from  its 
experiments  at  Deal  Beach,  New  Jer¬ 
sey,  on  ship-to-shore  radio  telephone. 
Engineers  at  this  remote  laboratory 
put  on  music  and  talks  at  night 
after  the  day’s  work  was  completed, 
getting  reports  of  reception  from 
amateurs  who  listened  on  the  long 
wavelength  used.  This  was  shortly 
before  KDKA  got  on  the  air.  But 
the  telephone  company  was  not  in¬ 
terested  in  transmitting  music — this 
was  not  telephone  communication. 
The  engineers  did  not  push  this  fea¬ 
ture  of  their  work — and  thus  the 
Bell  System  missed  the  chance  of 
being  the  world’s  first  broadcaster. 

Its  speech-input  equipment  kept 
pace  with  the  demands  of  the  broad¬ 


casters,  and  when  Hollywood  wanted 
equipment,  it  was  ready.  When 
broadcasters  adopted  the  idea  of  re¬ 
mote  pick-up  (nemo)  it  was  natural 
that  telephone  lines  would  carry  the 
program  to  the  studio. 


A  TELEPHONE  CHRONOLOGY 

1876  Bell's  first  telephone  patent.  First 
overhead  line  conversation,  2 
miles  Boston-Cambridge. 

1881  Boston  to  Providence  overhead 
line,  45  miles.  Underground  cable, 
one-fourth  mile, 

1884  Conversation  by  overhead  line. 
New  York-Boston,  235  miles. 

1892  Overhead  line,  900  miles.  New 
York  to  Chicago. 

1902  “Long  distance"  cable.  10  miles. 
New  York-Newark. 

1906  90-mile  underground  cable,  New 
York  to  Philadelphia. 

1913  2600-mile  line.  New  York-Salt 
Lake  City.  Cable,  Boston  to 
Washington,  455  miles. 

1915  Transcontinental  line,  3600  miles. 
Radiophone,  Arlington  to  Paris,  to 
Hawaii. 

1921  Deep  sea  cable,  115  miles.  Key 
West-Havana.  Telephone,  Havana 
to  Catalina  Island,  5500  miles. 

1922  Telephone  to  S.S.  America,  400 
miles  off  shore  in  the  Atlantic. 

1923  Transatlantic  radiophone.  New 
York  to  Southgate,  England. 

1924  First  picture  transmission  over 
telephone  circuits.  New  York  to 
Cleveland. 

1927  Regular  transocean  telephone 
service.  Wire-radio  television. 

1929  Ship-shore  phone  service. 

1930  Two-way  television. 

1931  Teletypewriter  exchange  service. 

1933  Stereophonic  music  transmission. 

1935  Round  the  world  phone  conver¬ 
sation. 


Another  by-product  arose  from  the 
natural  efforts  to  make  the  telephone 
circuit  the  most  intelligible  possible. 
In  the  early  1920’s  articulation  tests 
w’ere  started;  listening  crews  put 
down  the  words  out  of  a  series  they 
could  understand.  But  there  must 
be  some  test  of  the  listening  crew’s 
ears.  And  so  an  oscillator,  an  atten¬ 
uator  and  a  head  receiver  were  de¬ 


veloped  for  this  purpose.  This  was 
the  early  form  of  the  “Audiometer” 
which  is  now  u.sed  to  test  the  hear¬ 
ing.  Special  headsets — and  deaf 
aids — for  the  hard-of-hearing  result¬ 
ed  from  this  remote  start  to  improve 
the  understandability  of  telephone 
conversations. 

The  continuing  nature  of  the  work 
of  the  Laboratories,  both  in  improv¬ 
ing  the  telephone  art  and  in  produc¬ 
ing  by-products  of  note,  may  be  ex¬ 
emplified  by  two  recent  accomplish¬ 
ments.  On  the  17th  of  August,  Dr. 
Leopold  Stokowski  presented,  as 
gue.st  conductor,  a  .symphony  concert 
played  by  100  musicians  in  the  Holly¬ 
wood  Bowl,  Los  Angeles.  On  the  con¬ 
ductor’s  stand  were  the  controls  of 
the  most  elaborate  musical  repro¬ 
ducing  system  ever  installwl.  For 
when  Dr.  Stokowski  accepted  the 
commission  of  leading  the  orchestra, 
he  insisted  that  the  three-dimen¬ 
sional  (.stereophonic)  amplifying 
.system  of  the  Laboratories,  demon¬ 
strated  a  few  years  ago  at  Consti¬ 
tutional  Hall,  Philadelphia.  be 
brought  out  of  the  closet,  brought  up 
to  date,  and  brought  to  Hollywood. 

And  so  the  Bell  engineers  who  had 
developed  the  project  hied  them.selves 
to  California  with  engineers  of  EKPl 
to  see  that  the  orchestra’s  full  vol¬ 
ume  and  tonal  range,  in  its  full  space 
relationship  be  transmitted  to  all 
sections  of  the  audience  at  the  Hol¬ 
lywood  Bowl. 

F'inally,  early  in  1936,  came  the 
announcement  that  a  new  mode  of 
transmitting  electrical  energy  was 
being  investigated  at  the  Labora¬ 
tories.  The  new  conductors  wore 
called  “wave  guides”  and  they  con¬ 
sisted  of  nothing  mo ’e  than  hollow 
metallic  pipes.  If  extremely  short 
radio  waves  ( 15  cm.)  are  generated 
at  one  end  of  such  a  pipe  they  travel 
along  it  and  may  be  detected  at  the 
other  end.  No  return  conductor  is 
necessary;  and  a  certain  type  of 
transmi.ssion  has  been  found  in 
which  the  attenuation  decrea,sce  as 
the  frequency  is  increa.sed.  Thi  is 
a  phenomenon  not  found  in  my 
other  wavelength  region  that  has 
ever  been  explored. 

What  good  the  phenomenon  will 
prove  to  be  cannot  be  guessed  i.ow. 
But  it  is  certain  that  in  investig;  'ing 
it,  the  Laboratories  are  looking  mto 
the  future,  possibly  preparing  a  new 
means  of  communication  which  'nay 
greatly  extend  the  utility  and  av.iila- 
bility  of  telephone  service. 
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(vrid  Glow  Tube  Mea8ure8 
Commutator  Roughne88 

By  A.  M.  HARRISON, 

Power  Engineer 

iVestinghouse  Electric  and  Manufacturing 
Company 

Thb  problem  of  obtaining  a  visual  in¬ 
dication  of  commutator  roughness  pre¬ 
sents  an  interesting  application  of  a 
grid  glow  tube.  The  roughness  of  a 
commutator  can  be  measured  by  ob¬ 
serving  the  variations  in  the  brush 
drop  voltage  when  current  is  passed 
through  a  brush  riding  on  the  surface 
of  a  commutator  which  is  rotating  at 
operating  speed.  The  brush  drop 
varies  with  the  roughness,  as  is  shown 
by  a  typical  oscillograph  (Fig.  1), 
and  the  magnitude  of  the  voltage  peaks 
determines  the  degree  of  roughness  of 
the  commutator.  The  relation  between 
brush  drop  voltage  and  roughness  can 
be  more  easily  appreciated  if  you  con¬ 
sider  the  case  of  a  very  high  bar  strik¬ 
ing  the  brush  so  hard  as  to  knock  the 
brush  from  the  surface,  interrupting 
the  circuit  momentarily.  In  this  case, 


Fig.  I.  Oscillogram  of  commutator 
roughness 


if  the  applied  voltage  of  the  circuit 
were  110  volts,  the  brush  drop  would 
show  a  peak  of  110  volts,  whereas  the 
ordinary  drop  if  the  surface  were 
smooth  would  be  of  the  order  of  magni¬ 
tude  of  2  volts.  Smaller  roughnesses 
^oduce  voltage  peaks  intermediate 
wtwe>  n  these  values  by  disturbing  the 
brush  causing  it  to  spark,  or  by  caus¬ 
ing  variations  of  the  pressure  between 
the  commutator  and  the  brush.  For- 
*nerly,  the  oscillograph  was  used  to 
record  the  variations  in  brush  drop 
voltage,  but  it  has  two  serious  disad¬ 
vantages:  first,  the  degree  of  rough¬ 


ness  cannot  be  determined  at  once  be¬ 
cause  the  films  must  be  developed  and 
calibrated  to  determine  the  value  of 
the  voltage  peaks;  and  second,  the 
oscillograph  element  has  a  certain  in¬ 
ertia  which  prevents  it  from  recording 
the  maximum  voltages  because  the  fre¬ 
quency  of  the  pulsations  is  so  high  that 
the  oscillograph  cannot  follow  fast 
enough.  The  use  of  a  grid  glow  tube 
was  suggested  by  the  Westinghouse 
Research  Laboratories  as  a  simpler 
and  more  direct  method  of  obtaining 
the  maximum  voltage  peak  and  corre¬ 
sponding  maximum  roughness. 

Fig.  (2)  shows  a  characteristic  curve 
of  a  grid  glow  tube. 

When  the  grid  and  plate  voltages  are 
such  that  the  intersection  of  their 
coordinates  falls  in  the  shaded  portion, 
of  which  the  curve  is  the  boundary, 
the  tube  will  give  a  bright  blue  glow 
discharge,  or  to  be  more  specific,  with 
a  voltage  of  five  hundred  (500)  volts 
on  the  plate,  the  tube  will  glow  if  the 
grid  voltage  is  greater  than  minus  two 
( — 2)  volts,  (i.e.,  minus  one  ( — 1)  or 
any  positive  value).  In  the  instru¬ 
ment  as  developed  for  practical  use, 
the  grid  glow  tube  is  supplied  with  a 
variable  grid  voltage  which  can  be 
varied  in  steps  of  one  (1)  volt  from 
zero  to  one  hundred  (0-100)  volts. 
The  brush  drop  is  connected  in  series 
with  this  voltage  and  in  opposition  to 
it.  When  it  is  desired  to  measure  the 
peak  voltage  of  a  particular  brush 
drop,  the  variable  grid  voltage  is  set 
at  some  high  value  and  decreased  grad¬ 
ually  by  turning  the  dials  until  the 
glow  discharge  is  obtained  and  the 
reading  noted.  For  example,  assume 
the  voltage  at  which  the  glow  discharge 
took  place  to  be  17  volts.  From  the 
curve  (Fig.  2),  it  can  be  seen  that  if 
two  volts  bias  was  necessary  to 
cause  the  tube  to  glow;  therefore,  the 
peak  voltage  occurring  in  the  brush 
drop  must  be  fifteen  (15)  volts  or  the 
difference  between  seventeen  (17)  and 
two  (2).  In  practice,  in  order  to  guard 
against  what  is  technically  known  as 
drift  of  the  tube  (this  means  a  slight 
change  in  the  tube  characteristic  with 
time  and  temperature),  a  double  pole 
switch  is  used  so  that  one  reading  can 
1 1  be  taken  with  the  brush  drop  connected 
I  and  one  with  the  brush  drop  discon¬ 
nected.  The  peak  voltage  is  then  the 
difference  between  the  two  readings. 

The  grid  glow  tube  has  two  great 
advantages:  First,  the  maximum  com¬ 
mutator  roughness  can  be  judged  in¬ 
stantly  by  simply  observing  the  values 
of  grid  voltage  when  the  tube  glows, 
and  second,  it  has  no  mechanical  in¬ 
ertia  and  can  follow  voltage  peaks  of 
practically  any  frequency,  thus  giving 
a  true  measure  of  the  maximum  rough¬ 
ness  of  a  commutator. 

The  importance  of  this  device  can  be 
visualized  better  perhaps  by  a  descrip¬ 
tion  of  exactly  what  it  accomplishes. 
It  measures  roughnesses  of  the  order 
of  magnitude  of  one  ten  thousandths 
(.0001)  of  an  inch  when  the  commuta¬ 
tor  is  rotating  at  a  peripheral  speed  of 
five  thousand  to  ten  thousand  (5,000- 
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10,000)  feet  per  minute  and  at  a 
temperature  of  about  one  hundred  de¬ 
grees  centigrade  (100°  C.).  It  enables 
a  designer  to  predict  the  mechanical 
performance  (that  is,  the  ability  of 
the  structure  to  remain  a  smooth  sur¬ 
face  under  operating  conditions  of 
speed  and  temperature)  of  a  commuta¬ 
tor  to  such  a  degree  that  not  a  single 
commutator  which  has  passed  a  brush 
drop  test  of  this  kind  has  ever  resulted 
in  a  failure  in  operation.  Every  power 
commutator  built  commercially  is 
tested  by  means  of  this  instrument. 
It  is  one  of  the  delicate  measuring  de¬ 
vices  which  are  so  essential  in  any  de¬ 
velopment,  and  has  played  a  consider¬ 
able  part  in'  the  development,  of 
commutators. 


New  Forms  of  R-F  Lines 

The  propagation  of  electromagnetic 
radiation  over  a  long  distance  in  a 
limited,  enclosed  space  is  simple  in 
principle,  but  until  recently  has  been 
given  little  consideration.  If  we 
imagine  a  pipe,  not  necessarily 
straight,  made  of  a  perfect  conductor, 
and  containing  a  source  of  radiation 
at  one  end  and  terminated  in  an  absorb¬ 
ing  mechanism  at  the  other  end,  it  is 
apparent  that  the  energy  will  be  re¬ 
flected  repeatedly  within  the  pipe,  but 
must  all  eventually  be  received  at  the 
far  end. 

The  Bell  Telephone  Laboratories 
have  recently  made  a  thorough  in¬ 
vestigation,  both  theoretically  and  ex¬ 
perimentally,  of  this  form  of  transmis¬ 
sion.  The  results  are  quite  different 
from  the  more  familiar  methods  of 
transmitting  energy.  The  most  im¬ 
portant  characteristic  is  the  attenua¬ 
tion  due  to  the  imperfect  conductivity 
of  copper  tube.  In  the  familiar  con¬ 
centric  transmission  line,  attenuation 
increases  as  the  square  root  of  the  fre¬ 
quency.  In  this  new  form  of  trans¬ 
mission,  the  line  operates  as  a  high 
pass  filter,  the  cutoff  frequency  deter¬ 
mined  by  the  diameter  of  the  tube.  At 
cutoff  frequency,  the  diameter  of  the 
tube  is  in  the  order  of  one  wavelength. 
There  are  four  possible  wave  forms, 
differing  from  each  other  somewhat  in 
transmission  characteristics.  In  one 
form,  the  attenuation  decreases  con¬ 
tinuously  as  the  frequency  increases, 
a  most  unusual  phenomenon. 

A  six  inch  line  1,250  feet  in  length 
has  been  used  in  laboratory  tests. 
Measured  results  between  1,000  and 
2,000  megacycles  agrree  excellently  with 
predicted  values.  The  transmitter  con¬ 
sisted  of  a  Barkhausen  or  magnetron 
oscillator  coupled  to  the  center  of  a 
half  wave  radiator  inside  the  tube.'  A 
crystal  detector  and  galvanometer 
were  used  for  reception.  A  resonance 
chamber  of  adjustable  length  may  be 
used  as  the  equivalent  of  a  tuned  cir¬ 
cuit  in  either  transmitter  or  receiver. 
A  section  of  concentric  transmission 
line  of  adjustable  length  serves  as  a 
wavemeter.  —  BS.T.J.,  April,  1936, 
and  Bell  Lab.  Record,  March,  1936. 
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THE  ELECTRON  ART 


In  the  Farnsworth  secondary  emis¬ 
sion  multiplier  the  electrons  are  made 
to  go  back  and  forth  between  a  single 
pair  of  targets  receiving  their  poten¬ 
tial  from  a  high  frequency  electric 
held  applied  to  the  targets.  Suppose 
that  electrons  are  liberated  by  ultra 
violet  light  at  the  moment  the  voltage 
of  the  second  target  goes  from  nega¬ 
tive  to  positive  values.  If  the  time 
taken  by  the  electron  to  cover  the  dis¬ 
tance  between  the  targets  is  exactly 


^pACH  month  the  world’s  technical  literature  is  scanned  to 
see  what  physicists  and  engineers  are  doing  with  tubes,  Tor 
presentation  in  tabloid  form  to  Electronics’  readers. 


Electron  Multipliers 

[Georg  Weiss,  German  Post  Office 
Laboratory,  W.  Henneberg,  R.  Orthu- 
ber  and  E.  Steudel,  Research  Labora¬ 
tory,  German  Gen.  El.  Co.]  Reports 
on  electron  multipliers  have  been  pub¬ 
lished  by  P.  T.  Farnsworth  and  V.  K. 
Zworykin.  The  research  laboratory  of 
the  German  Post  Office  has  studied  the 
subject  from  other  points  of  view.  The 
first  concern  was  to  find  targets  which 
would  yield  large  numbers  of  second¬ 
ary  electrons.  Previous  experience 
and  experience  with  photelectric  cells 
suggested  the  alkali  metals  (Fig.  1) 
in  particular  cesium  deposited  on  oxid¬ 
ized  silver,  with  which  a  maximum  of 
8  to  10  electrons  per  electron  is  ob¬ 
tained  near  600  volts.  Once  the  first 
colored  stage  has  been  reached  the  de¬ 
gree  of  oxidation  is  relatively  unim¬ 
portant.  Of  other  metals  examined 
(gold,  lead,  iron,  Al,  Ni,  Cu,  Zn,  Mo, 
Ta,  Tu)  only  magnesium  was  found  to 
give  a  satisfactory  yield. 

Pieces  of  finely  meshed  wire  gauze. 


placed  one  behind  the  other,  with  a 
potential  difference  of  60  volts  between 
them,  were  used  as  targets;  the  elec¬ 
trons  set  free  at  each  electrode  are 
concentrated  by  a  magnetic  field  with 
lines  of  force  perpendicular  to  the 
electrodes.  Without  this  precaution 
the  electrons  travel  along  the  surface 
of  the  gauze  toward  the  walls  and 
along  the  walls.  With  gauze  of  silver 
threads,  having  10,000  meshes  per 
sq.cm.,  with  about  half  the  area  occu¬ 
pied  by  threads,  it  is  possible  to  obtain 
a  magnification  of  about  five  per  stage. 
The  plate,  at  400  volts,  is  made  of 
wider  mesh,  and  preferably  followed 
by  a  series  of  grids  with  decreasing  po¬ 
tentials  (Fig.  2).  Amplifying  photo¬ 
cells  giving  a  gain  of  100  to  500,  based 
on  this  principle,  were  in  use  in  the 
television  experiments  between  Berlin 
and  Hamburg  (Fig.  3).  Tubes  giving 
an  amplification  of  one  million  are  now 
introduced  so  that  amplifiers  contain¬ 
ing  filaments  may  be  dispensed  with  in 
television  work  of  this  kind. 


Etec+rons  per  Electron  for  Different  Velocities 


Fig.  1.  Number  of  secondaries  pro¬ 
duced  at  different  voltages 


equal  to  i  period,  the  electron  will  be 
accelerated  throughout  its  path  by 
the  electric  field,  and  knock  electron.*! 
off  the  second  target  which  acted  as 
plate.  Three  electrons  are  drawn  to 
the  first  target  during  the  second  half 
of  the  period,  and  produce  additional 
secondary  electrons  which  repeat  the 
cycle.  An  electron  which  is  set  free 
by  the  light  after  the  second  target 
has  reached  a  certain  positive  potential 
may  make  part  of  its  lag  good  because 
it  starts  in  a  stronger  field.  Neglect¬ 
ing  space  charges  and  collisions,  the 
simple  equations  of  motion  show  that 
as  long  as  the  lag  does  not  exceed 
about  one-sixth  of  the  whole  period  of 


HIGH  POWER  FOR  THE  ULTRA-HIGHS 


Elecfron  Multiplier  with  Multiple  Plate 


Fig.  2.  Mesh-type  multiplier 


oscillation,  the  lag  or  phase  difference 
with  which  the  secondary  electrons  .ire 
set  free  decreases  in  each  successive 
crop  of  electrons.  When  the  lag  !)«* 
comes  considerable  the  electron  arrives 
in  the  wrong  phase  and  is  retainecJ  by 
the  second  target.  The  electrons  set 
free  during  the  first  third  of  the  first 
half  wave  come  gradually  into  step 
with  the  applied  field;  the  velocity  with 
which  they  arrive  at  the  electrodes  de- 


The  RCA  engineers  turned  plumbers  when  they  produced  this  40  kw. 
60  m.c.  transmitter.  It  achieves  crystal  control  stability  by  the  use  of 
temperature  compensated  concentric  lines,  and  uses  conventional  water- 
cooled  tubes,  five  of  which  are  visible 
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DILECTO  XPLW— a  lami¬ 
nated  phenolic  material — de- 
velo{>ed  especially  for  radio. 
Phenomenally  low  power  loss 
insulation  even  under  high 
temperature  and  humidity 
conditions.  It  has  good  ma¬ 
chining  qualities  and  is  readily 
fabricated.  Ask  for  samples 
and  engineering  data. 


DILECTO 

LOW  POWER  LOSS 

INSULATING  MATERIAL 


VULCOID 

NON  HYGROSCOPIC 

INSULATING  MATERIAL 


A  Continental-Diamond  vul¬ 
canized  fibre  product  combining 
mechanical  qualities  of  fibre, 
dielectric  strength  and  ability  to 
retain  permanently,  under  vary¬ 
ing  atmospheric  conditions,  the 
form  and  dimensions  into  which 
it  is  machined  or  formed;  a  com¬ 
paratively  low  cost  insulating 
material. 


Made  of  carefully  selected 
materials  and  manufactured 
with  specially  developed 
equipment  and  methods.  A 
tried  and  proved  product  over 
a  period  of  years  and  in 
countless  applications.  Recog¬ 
nized  as  one  of  the  best  in¬ 
sulating  fibres  available  at 
reasonable  price. 


VULCANIZED 

FIBRE 

GENERAL  PURPOSE 

INSULATING  MATERIAL 


Send  for  technical  data  on  Continental-Diamond  producta. 

CONTINENTAL-DIAMOND 
FIBRE  COMPANY 

NEWARK.  DELAWARE 
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Continental-Diamond 

% 

OFFERS  SPECIALIZED  INSULATION 
SERVICE  AND  MATERIALS  TO 

RADIO  &  COMMUNICATION  ENGINEERS 


Your  insulating  problems  involving  the  selection  of  materials,  economical  fabrica¬ 
tion,  and  assembly,  will  be  vastly  simplified  by  consulting  Continental-Diamond 
Engineers. 

.\s  manufacturers  of  many  types  of  insulating  materials  and  with  long  exfierience 
in  supplying  them  for  specific  requirements,  we  are  in  a  position  to  make  unbiased 
recommendations  as  to  the  use  of  the  proper  material  for  the  purpose  intended. 

('ontinental-Diamond  service  is  helping  many  manufacturers  and  engineers  in  radio 
and  communication  fields  to  reduce  costs  and  waste  and  at  the  same  time  improve 
product  quality  and  performance. 

Consult  with  our  engineers  on  your  problems.  We  will  show  you  how  Continental- 
Diamond's  skill  and  experience  can  be  of  outstanding  assistance  to  you.  Use  this 
service  freely. 


V'astly  improved  characteristics 
are  offered  which  assure  beau¬ 
tiful  printing  with  sharp,  clearly 
defined  figures.  DILOPHANE  is 
non-inflammable,  translucent,  me¬ 
chanically  strong,  available  in 
colors,  resists  warpage  and 
shrinkage,  is  easily  fabricated, 
and  is  economical. 


DILOPHANE 

THE  NEW 

DIAL  MATERIAL 


’ll. 


i 


I  pends,  of  course,  on  the  phase  with 
which  they  started.  The  velocity  of 
the  electrons  with  a  lag  of  46  deg.  is 
only  about  one-half  the  highest  veloc¬ 
ity.  With  a  given  tube  the  degree  of 
amplification  may  be  adjusted  by  in¬ 
creasing  the  frequency  of  the  applied 
field,  the  cut-off  being  obtained  for  an 
increase  of  about  10  per  cent,  or  by 
decreasing  the  amplitude. — Ferns.  Tonf. 
7:  41^4.  1936. 

The  interest  in  secondary  emission 
multipliers  is  illustrated  that  Zowry- 
kin’s  articles  on  this  subject  have  ap¬ 
peared  almost  at  the  same  time  in 
I  three  different  languages,  in  the  L.R.E. 
!  Proc.  24:  351-375.  1936;  in  the  Onde 

\  el.  15  No.  173:  265-298.  1936;  and  in 

j  the  Zeits.  tech.  Phys.  18  No.  6:  170-183. 
I  1936. 

FARNSWORTH’S 

MULTIPLIERS 


Two  multipliers  in  tandem  fcenerntr 
about  500  tvatts  of  output  in  tht^ 
arrangement 
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SOEA  METAL 

Used  for  Many  Purposes  by  the 

BELL  TELEPHONE  LABORATORIES 

-  SOME  ADVANTAGES:  =  ^  . 

IN  ELECTRONIC  WORK 

Dense  structure  *  Low  occluded  ges  *  Freedom  from  emalga- 
mation  *  Absolute  uniformity  *  Light  weight  *  Rigidity 
Lower  cost 

IN  ELECTRICAL  CORE  PARTS.  ETC. 

High  permeability  •  Low  residual  *  Low  hysteresis  *  High 
resistance  to  aging  •  Easily  formed 

AVAILABLE  IN  ALL  STANDARD  FORMS  AND  SIZES: 

Rounds  Flats  Heavy  sheets 

Squares  Thin  strip  Tubing 

Also  One  round  and  flat  wire. 

Write  for  technical  literature  and  our  bulletins  “SVEA-ONICS”. 

SWEDISH  IRON  &  STEEL  CORP. 

17  Battery  Place  —  N.Y.C. 


LEPEL  HIGH  FREQUENCY  CONVERTERS 


INDUSTRIAL  HIGH  FREQUENCY  INDUCTION 
HEATING  APPLICATIONS 
A  TYPE  FOR  EVERY 
REQUIREMENT... 


It;.  K.V.A. 
Bulletin  No.  402 


7'/,  K.V.A 
Bullotin  No.  404 


Higher  capacity  Converters,  Furnaces  and 
special  induction  heater  coil  designs  submitted 
upon  application. 


rite  for  bulletins  describing  new  features  and  improvements 


LEPEL  HIGH  FREQUENCY  LABORATORIES,  Inc. 


39  West  60th  Street 


New  York  City 


This  high  power  electron  multiplier 
dissipates  more  than  a  kilowatt,  hence 
the  air-cooling  fins 


INDUSTRY’S  NEEDS 


THE  WESTON 
HIGH  SPEED  DB  METER 

~  for  critical  analysis  of  performance 
characteristics . . .  broadcasting,  commu¬ 
nications,  development  laboratories  — 


WCTirifu  TVPC  2 

ZCMO  LIVEL  O 

4  vnllimstts  %oo  ohms 


THE  WESTON 
LOW  SPEED  DB  METER 

—  for  indicating  average 
level  rather  than  peaks 
.  .  .  sound  movies,  voice 
recording,  P.  A.  systems  — 


All  types  of  DB  Meters 
are  supplied  in  all  con- 
lentional  sizes  and  cases 
. . .  for  panel  mounting  or 
portable  use. 


The  ilcv,.lopment  of  the  high  and  low  speed  DB  Meters 
emphasizes  weston’s  leadership  to  a  high  degree.  It  il¬ 
lustrates  the  continued  and  successful  effort  of  westox 
to  anticipate  and  keep  constantly  abreast  of  industry’s 
needs  .  .  .  always  having  the  right  instrument  available 
to  meet  each  new  instrument  demand  .  .  .  Weston  Elec¬ 
trical  Instrument  Corporation.  618  Frelinghuysen  Ave¬ 
nue,  Newark,  New  Jersey. 


Weston 


Instfmnenfs 


instruments  for  every  broadcasting  and  communications  needi 
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REMLER-THE  RADIO  FIRM  AS  OLD  AS  RADIO 


OLYMPIC  TELEVISION 


No  Limit  to  Contacts 
and  Controi  Applications 

with 


RELAYS 


GUARDIAN! 


This  is  but  one  of  sixty  relays  illustrated 
in  the  new  comprehensive  catalog  just 
off  the  press.  Solve  today's  control 
problems  in  a  modern  manner.  Fas^— 
Economical  —  Reliable  — Accurate — Rug¬ 
ged  Relays.  Built  for  long  service  at 
low  cost.  Tens  of  millions  of  opera¬ 
tions  without  attention.  Write  today 


FREE  CATALOG 
•  VALUABLE  • 
COMPREHENSIVE 


This  camera  it«s  used  in  the  Olympic 
Games,  Berlin,  to  pick  up  scenes 
which  were  transmitted  over  coaxial 
cable  to  a  projection  room  in  the 
German  Post  office  Headquarters 


100 

llustrations 

Charts 

Diagrams 


Radio  Waves  Change  Speed 

That  radio  waves  do  not  always 
travel  with  the  velocity  of  liffht 
light,  as  was  for  many  years 
supposed,  was  made  known  recently  by 
Dr.  Harlan  T.  Stetson,  research  asso¬ 
ciate  in  geophysics  at  Harvard  Uni¬ 
versity  at  a  joint  meeting  of  the  In¬ 
stitute  of  Radio  Engineers  and  the 
Radio  Club  of  America  held  at  the 
American  Museum  of  Natural  History. 

From  a  long  series  of  day  to  day 
comparisons  of  international  time 
signals  exchanged  between  the  Naval 
Observatory  at  Washington  and  the 
Royal  Observatory  at  Greenwich,  and 
also  between  this  country  and  the 
Paris  Observatory  in  France,  Dr.  Stet¬ 
son  showed  how  the  apparent  time  of 
transmission  of  these  radio  waves 
across  the  Atlantic  appeared  to  be  in¬ 
fluenced  by  some  ur  known  cosmic 
causes.  Some  days  they  skip  across 
the  Atlantic  on  scheduled  time,  travel¬ 
ing  approximately  with  the  velocity  of 
light,  which  would  take  the  waves  seven 
times  around  the  earth  in  a  second. 
Other  days  for  some  yet  unexplained 
reason  they  doddle  along  at  a  mere 
90,000  miles  per  second  consuming 
twice  as  long  as  they  should  in  their 
transatlantic  trip.  Investigations  have 
also  revealed  that  radio  waves  are  most 
temperamental  in  their  behavior  when 
sent  on  missions  to  various  parts  of 
the  globe.  Careful  comparisons  of 
times  consumed  by  these  ethereal  mee- 
sengers,  which  are  utilized  by  as¬ 
tronomers  in  comparing  time  signals 
in  a  longitude  campaign,  appear  to  in- 


ELECTRIC  MFG.  CO. 

161S  W«st  Walnut  Siract 
CHICAGO  >  ILLINOIS 


1937 

NEW 


Standard 

ATTENUATORS 


Ball  Bearing 
Rotor  Shaft. 


Clock  Spring 
Pigtail  Con¬ 
nections. 


New  Improvements  •  Same  Low  Price 

Improvements  provide  unequalled  tically  constant  over  entire  -range  of 
ease  of  operation  and  long  life.  At-  the  pad. 

tenuation  variable  in  27  steps  of  1%  Standard  Impedances  of  50,  200,  250 

db.  per  step  up  to  45  db.,  fading  in  3  and  500  ohms.  Special  values  to  order, 

additional  increasing  steps  from  45  DeLuxe  model  DLA  with  standard 
dh.  to  infinity.  Attenuation  change  sterling  silver  contact  u^.5 1^^*, 
halved  as  switch  arm  spans  adjacent  points  and  silver  lami-  Type — Net 

contacts  resulting  in  attenuation  of  nated  spring  contact  arm  <1  A  Q  fl 

5/6  dh.  per  step.  Impedance  prac-  at  Net . $12.80  1  U*®'* 

R£MLER  COMPANY,  Ltd.,  2101  Bryant  St.,  San  Francisco 
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CERnmic  inEuinTORS 


FROM 


TRANSMITTER 

A  Complete  Installation  with 
ISOLANTITE  COAXIAL 
TRANSMISSION  LINE 


WESTERN  ELECTRIC  uitea  lu«b  ir*- 
qu*ncy  PoUc*  Radio  Tianamittor. 
Station  W2XEM.  Nawaik.  N.  ). 


Notional  Nowork  and  Eaaax  Bank  Boildinq.  Saowinq  location  ot  tiansmittor  and 
antnnna  conriMtwl  by  ISOLANTITE  COAXIAL  TRANSMISSION  LINE. 


In  the  ro^idly  developing  technique  of  radio  communication  engineers  recc^nize 
the  coaxial  transmission  line  as  the  most  efficient  means  of  conducting  radio  fre¬ 
quency  energy  from  point  to  point  and  from  transmitter  to  antenna. 

ISOLANTITE  INC.  has  been  closely  identified  with  this  development  and  now 
announces  A  COMPLETE  COAXIAL  TRANSMISSION  LINE  SYSTEM  for  ultra 
high  frequency  and  broadcasting  stations. 

Write  for  our  complete  bulletin  on  this  product.  ISOLANTITE  INC.,  233  Broadway, 
N.  Y.  C.  Factory  at  Belleville,  N.  J. 

Sold  onhr  through  Graybar  Eloctric  Company  and  Manuiacturers  oi  tranamitting  equipment 
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THORDARSON  ELECTRIC  MEG.  CO. 
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dicate  that  they  are  seriously  in¬ 
fluenced  by  the  magrnetic  field  of  the 
earth  which  varies  in  different  regrions 
of  the  globe.  Near  the  magnetic 
equator  the  waves  travel  fastest.  When 
they  are  sent  over  paths  further  north 
and  near  the  magnetic  pole  they  are 
much  more  reluctant  about  expediting 
their  messages.  Thus  in  the  region 
near  the  equator  where  the  earth’s 
horizontal  intensity  is  greatest,  they 
travel  with  a  velocity  apparently  equal 
to  that  of  light  or  300,000  kilometers 
per  second.  The  velocity  diminishes 
over  the  more  northern  routes  and  in 
high  latitudes  where  they  must  pass 
near  the  magnetic  pole  a  velocity  of 
only  200,000  kilometers  is  indicated. 
The  magnetic  pole  itself  is  so  disliked 
that  the  waves  sometimes  utterly  re¬ 
fuse  to  pass  it. 

These  new  facts  were  presented  in 
a  discussion  of  “Cosmic  Cycles  and 
Radio  Transmission.”  The  effect  of 
sun-spots  on  radio  reception  during  the 
last  sun-spot  cycle  indicated  that  the 
next  few  years  may  present  new 
trouble  for  the  long  distance  fans  in 
the  broadcast  band.  That  the  moon 
also  has  its  effect  was  indicated  by 
evidence  of  tides  in  the  ionosphere, 
that  ionized  region  of  the  earth’s 
upper  atmosphere  which  turns  back 
radio  waves  towards  the  earth  and 
makes  radio  communication  possible. 
Scientists  are  still  searching  for  more 
accurate  methods  of  predicting  the 
sun’s  activity  so  that  those  engaged  in 
communication  may  anticipate  condi¬ 
tions  under  which  radio  operators  will 
have  to  work.  The  possibility  that 
there  may  be  other  astronomical 
sources  which  change  the  electrical 
balance  of  the  ionosphere  offers  further 
opportunity  for  speculation. 


DeUU  of 
slider  show¬ 
ing  silver 
single  point 
ronUct. 


CONTROL 

to  the  degree 


Shield  Cap — No  stray  pickups  in  leads 
—  improves  appearance  —  permits  re¬ 
versible  mounting. 

Ground  Fit — .\11  case  joints  are  Kround 
fit  for  increased  shielding  efficiency 
against  outside  interference. 

Case  Body — Special  metal,  gives  maxi¬ 
mum  transformer  shielding  and  a  closed 
magnetic  circuit  at  all  times. 

Non-Magnetic  Clamps  —  Brackets  and 
clamps  non-magnetic  metal.  Core  and 
coils  held  in  perfect  symmetry. 

Single  Hole  Mountings — Drill  one  hole 
in  chassis.  Pass  connecting  leads  throuiih 
bushing.  Transformer  rotation  eliminates 
distortion. 

Reversible  Mounting — Threaded  mount¬ 
ing  hole.  Fits  microphone  fixture  —  for 
above  or  sub-panel  mounting. 

Terminal  Board — Husky  mounting  luus 
for  all  connections.  Terminals  will  not 
loosen  when  soldering. 

Sub-Panel  Terminals  —  Extra  row  of 
terminals  provides  connections  for  both 
primary  and  secondary  windings. 

Coils — Dual  balanced  coils  for  “hum 
bucking”.  Extended  frequency  ramie. 
Capacitive — inductive  balance.  Low  leak¬ 
age  reactance.  Dbtributed  capacity. 

Core  —  Special  lamination.  High  per¬ 
meability  alloy  of  perfect  uniformity. 
Extreme  low  frequency  response. 

Sub-Panel  Leads  —  Pass  required  leads 
from  sub-terminal  board  through  bush¬ 
ing.  Neat — efficient — effective. 


With  the  new  silver  single 
point  contact  and  the  micro 
drive,  notched  handle 


Ward  Leonard  Sliding 
Contact  Tubular  Rheostats 
are  precision  instruments 
designed  for  the  accurate 
control  of  currents  up  to 
twenty-five  amperes  and 
voltages  within  their  rat¬ 
ings.  The  new  contact  with 
silver  single  point  assures 
positive  conductivity  be¬ 
tween  the  slider  bar  and 

the  resistance  '  winding, 
ftv  They  include  Rheostats  in 

|H  a  wide  range  of  resistance 

flW  values  single  and  dual 

slider  adjustment  types, 
also  micrometer  drive.  All 
are  arranged  for  potenti¬ 
ometer  connections. 

Bulletin  8001  tells  the  control  story. 
Just  clip  this  coupon  to  your  letter¬ 
head  and  mail  it  to  os. 

WARD  LEONARD 

RELAYS  •  RESISTORS  •  RHEOSTATS 


EMBOSSED  SOUND-TRACKS 


Right  angle 
type  microm¬ 
eter  drive. 


Vertical  type, 
single  slider 
adjustment. 


FREE -CATALOGS  and 
MANUALS -FREE 


Catalog  No.  300  Lists  Tru-Fidelity  prices,  curve, 
and  all  specifications. 

Catalog  No.  400  Complete  listing  of  all  THOR¬ 
DARSON  radio  transformers  except  Tru- 
Fidelity. 

Send  today  for  your  copy  or  sea  your  pari, 
distributor. 

6L6  amplifier  with  either  Tru-Fidelity  or  staml- 
ard  THORDARSON  transformer.  See 
Manual  SD  238. 


WARD  LEONARD  ELECTRIC  CO. 
32  South  Street 
Mount  Vernon,  N.  Y. 


This  celluloid  strip  has  24  separate 
sound-tracks  embossed  on  its  sur¬ 
face,  which  can  be  played  back 
with  a  pick-up.  A  2000  foot  reel 
of  film  with  40  tracks  (the  limit 
in  16  mm.  size)  will  give  37  hours 
of  uninterrupted  reproduction 


Please  send  me  Bnllelin  No. 
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FEATURES 

VOLTAGE  RANGE;  0.1  to  150 
volts  in  3  steps 

FREQUENCY  RANGE;  20  cycles  to 
100  megacycles 

ACCURACY;  ±  2%  of  full  scale 

FREQUENCY  ERRORS;  less  than 
1%  between  20  cycles  and  50  Me; 
only  3%  at  100  Me 

INPUT  IMPEDANCE;  5  megohms 
at  low  frequencies 

INPUT  TERMINAL  CAPACL 
TANCE;  8/x/if 

POWER  SUPPLY;  100  to  130 
volts;  60,  50  or  42  cycles 

TYPE  726-A  VACUUM-TUBE 
VOLTMETER;  $165.00 


Write  For 
Circular  48-E 
For  Descriptive 
Literature 


A  RADICALLY  AEW  VACCCM-TCBE  VOLTMETER 

Wide  Freqaenrj  and  Voltage  Ranges  •  High  Aeenraej  •  Small  Freqnenc^  Error 

^UHE  new  General  Raflio  Type  726-A  Vacuum-Tube  Voltmeter  has  been  designed  to  elim- 
A  inate  all  of  the  faults  which  have  limited  the  usefulness  of  thermionic  voltmeters  in  the  past. 

This  new  a-c  operated  voltmeter  is  equipped  with  a  small,  bakelite-housed  probe  con¬ 
taining  the  entire  a-c  measuring  circuit.  The  cable  and  indicating  circuit  carry  direct  current 
only.  All  effects  of  long  leads  are  eliminated.  The  remarkably  good  frequency  characteristic 
and  range  are  a  result  of  this  unique  design  feature. 

The  instrument  requires  no  d-c  path,  and  is  insensitive  to  dc.  If  both  dc  and  ac  are 
present  in  a  circuit,  the  voltmeter  selects  only  the  ac,  with  no  appreciable  error. 

A  new  type  of  voltage  regulator  is  incorporated  so  that  annoying  zero  shifts  are  elim¬ 
inated  entirely.  Constant  zero  reading  is  assured. 

The  meter  scale,  with  an  effective  length  of  14  inches,  is  essentially  linear.  The 
calibration  is  independent  of  tube  characteristics  to  such  an  extent  that  tubes  can  be  replaced 
without  requiring  recalibration. 

This  voltmeter  is  supplied  for  either  60,  50  or  42  cycle  line  voltage.  It  is  equipped 
with  line  cord,  pilot  lamp,  6-foot  probe  cord  and  all  tubes.  Complete  and  ready  for  opera¬ 
tion  it  is  priced  at  $165.00. 


GENERAL  RADIO  COMPANY 


30  Ktale  Street 
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Uambridge*  Massachusetts 


We  Make 

Strong  Claims 

for  the  "Monitor” 

—but  we  can  Prove  Them! 

We  have  made  scMne  sensational  claims 
for  the  improved  sound  quality  and  the 
doubled  efficiency  of  the  Lansing  Linear 
Monitoring  System — and  we  are  pre¬ 
pared  to  back  them  all  with  convincing 
proof. 

The  Lansing  “Monitor”  actually  does 
give  the  listener  a  previously  un¬ 
dreamed  of  conception  of  what  sound 
reproduction  can  be. 

It  does  double  the  usual  efficiencies  and 
shows  a  remarkably  smooth  response 
curve. 

Built  to  provide  a  strikingly  superior 
smaller  unit  for  program  monitoring 
and  high  quality  speech  reinforcement, 
it  closely  follows  the  proven  perform¬ 
ance  characteristics  of  the  larger 
Lansing-Shearer  theater  system. 


Eight-cell  exponential  horn  and 
Lansing  No.  284  moz’ing  coil  type 
speaker  unit  for  frequencies  from 
3(p  to  8000  c.p.s.  as  used  in  the 
high  frequency  section  of  the 
"MONITOR”. 


Further  information  on  specific 
application  will  be  supplied  to 
those  indicating  their  needs. 
This  system  is  now  being  used 
with  exceptional  results  in  de 
luxe  radio  installations,  small 
projection  rooms  and  for  sta¬ 
tion  monitoring. 


LANSING  MANUFACTURING  COMPANY 

6900  McKinley  Ave.,  LOS  ANGELES,  CALIF. 


English  Translations  of 
German  Books  on 
Short-wave  Therapy 

For  some  time  only  available  in  the 
German  version,  two  recent  books  on 
the  production  and  use  of  short-waves 
are  now  available  in  English.  They 
are: 

“Short-Wave  Therapy.”  By  Dr. 
Erwin  Schliephake.  Authorized  Eng¬ 
lish  translation  by  Dr.  R.  King  Brown 
from  the  second  and  enlarged  German 
edition.  (238  pp.)  London:  The 
Actimic  Press  Ltd.  1935.  21  sh. 

“Foundations  of  Short-Wave  Ther¬ 
apy.” 

“Physics  and  Technics”  by  Dr. 
Wolfgang  Holzer. 

“Medical  Applications”  by  Dr.  Eu- 
gen  Weissenberg,  translated  by  Justina 
Wilson  and  Charles  M.  Dowse  (228 
pp.)  London:  Hutchinson’s  Scientific 
and  Technical  Publications,  1935.  12 
sh.  6  d. 

Schliephake’s  book  deals  mainly 
with  the  application  of  high  frequency 
electrical  oscillations  to  the  treatment 
of  disease.  The  second  book  devotes 
much  space  to  a  description  of  the 
methods  of  producing  electrical  oscil¬ 
lations  of  very  high  frequency  and  the 
heating  effects  they  produce. 

FLAT-END  TELEVISION 
TUBE 


A  new  type  of  tube  with  optically 
flat  external  screen  surface  devel¬ 
oped  in  Germany.  Special  design 
prevents  cave-in  due  to  external 
air  pressure.  Distortion  of  the 
image  is  much  -educed 


The  Model  180  Wobbulator  and  Model  8(X)  Otcillograph  today  let  the  pace  in  style,  design, 
price  and  popularity.  The  Oscillograph  is  a  Triumph  of  modern  engineering.  "Top-operated", 
"Top-scanned"  the  perfect  locking  oscillograph.  All  unnecessary  dead  weight  eliminated  in 
construction.  Rugged,  truly  portable,  electromagnetically  and  electrostatically  shielded. 

The  180  Wobbulator  is  accurately  calibrated  and  all  adjustments  carefully  locked  and 
sealed  to  eliminate  variations  from  temperature  change  or  vibrations.  The  first  electronically 
driven  Wobbulator. 

These  line  instruments  are  made  by  Triumph — builders  of  the  world’s  most  complete  line  of 
testing  equipment.  Write  now  for  complete  information.  Foreign  orders  carefully  filled. 


TAPERING  VOLUME 
CONTROL  RESISTORS 
WITH  UNIFORMITY 

Volume  control  resistors  must  be 
tepered  by  epplyin9  successive 
coetings  of  conducting  meteriel 
since  the  resistances  required  are 
commonly  too  high  to  permit  ade 
quate  tapering  b/  varying  the 
shape. 

Radiohm  resistors,  because  they  are 
long  and  straight  when  outside  the 
case,  may  have  all  the  coats  de¬ 
sired  uniformly  applied  in  long 
strips. 

Brockets  illustrate  the  approximate 
position  of  successive  coatings  for 
a  logarithmic  taper. 

Dotted  lines  illustrate  the  indi¬ 
vidual  resistors  when  blanked  out 
of  the  strips. 


ANOTHER  REASON 
SOPERIORITY 

The  long  straight  Radiohm  resistor  coiled  on  the  inner  cir¬ 
cumference  of  the  case  uniformly  maintains  better  tapers 
than  are  possible  with  the  usual  horseshoe  types. 

For  original  equipment  or  replacements  specify  CEN- 
TRALAB  CONTROLS. 

CENTRALAB,  Division  of  Globe  Union  Mfg.  Co.,  Milwaukee,  Wis. 


Centealab 


BRITISH  CENTRALAI.  Ltd..  Cantarbury  Rd..  Kllburn.  LONDON  N.  W.  *.  ENGLAND 


CENTRALAB.  68-70  Rua  Amalot,  PARIS.  FRANCE 
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Modulation  Monitoring 

[E.  Divoire,  Assistant  Director,  Con¬ 
trol  Laboratory,  International  Broad¬ 
casting  Union  (V.I.R.)  Brussels.]  It 
is  well  known  that  sounds  differ  too 
much'  in  streng^th  to  be  faithfully 
recorded  by  simple  instruments.  The 
vibrations  produced  in  the  air  by  a  big 
drum  may  reach  amplitudes  equal  to 
0.1  per  cent  of  atmospheric  pressure; 
the  faintest  sound  from  a  violin  gives 
an  amplitude  not  exceeding  0.5  milli¬ 
bar  (or  about  one  thousand  millionth 
atmospheric  pressure)  at  a  distance  of 
1  m.  from  the  instrument.  In  one  and 
the  same  piece  of  music  the  variations 
are  narrower,  seldon^  as  3000:1  or 
70  db.,  more  often  300:1  (60  db.),  or 
100:1  (or  40  db.).  Transmitting 

amplifiers  are,  therefore,  built  for  the 
narrower  ranges,  excess  leading  not 
only  to  distortion,  but  also  owing  to 
the  presence  of  higher  harmonics  and 
overlapping  with  the  neighboring 


ANNOUNCING 


for  the  first  time  on  the  American  Market 


HIGH  SPEED  LEVEL  RECORDER 


0-2ma. 


Double^ectifier  modulation  level 
indicator 


channels  (monkey  chatter).  Programs 
remaining  below  the  average  level,  on 
the  other  hand,  mean  a  waste  of  the 
carrier  power.  It  is  therefore  neces¬ 
sary  to  control  the  upper  and  lower 
a-f  amplitudes  and  with  them  the 
limits  of  modulation. 

^  An  instrument  for  checking  the  a-f 
amplitudes  must  read  over  a  range  of 
100:1  with  an  accuracy  of  about  10 
per  cent,  the  scale  being  preferably 
logarithmic  so  as  to  conform  with  the 
ear.  Since  sounds  lasting  less  than 
0.1  sec.  do  not  produce  their  full  effect 
on  the  ear,  the  meter  should  give  cor¬ 
rect  readings  for  sounds  lasting  0.2 
sec.  and  be  independent  of  the  fre¬ 
quency  between  30  cycles  and  10,000 
cycles  per  second. 

An  expedient  adopted  for  some  time 
was  to  use  an  ordinary  galvanometer 
which  had  been  calibrateo  with  steady 
potentials  and  to  apply  to  the  readings 
corrections  depending  on  the  nature 
of  the  music  played  (chamber  music, 
symphony  dance  music,  speech).  The 
laboratory  of  the  International  Broad¬ 
casting  Union  (V.I.R.)  at  Brussels 
undertook  to  establish  correction  fac¬ 
tors  with  the  aid  of  an  oscillog^RP^'- 
The  solution  adopted  later  was  a  com¬ 
bination  of  a  diode,  a  delay  circuit  and 
a  micro-  or  milliammeter  with  low 
inertia. 

An  average  moving  coil  galvanom¬ 
eter  indicates  short  pulses  faithfully 
if  they  remain  constant  for  about  0  2 
sec.  Impulses  lasting  only  0.01  sec. 
register  with  a  fraction  of  their  ampli¬ 
tude.  By  decreasing  the  mass  and  by 


Neumann  High  Speed  Automatic  Power  Level  Recorder 


This  automatic  power  level  recorder  covers  a  wide  range  of  inten¬ 
sities,  has  a  recording  speed  of  560  DB/sec,  inscribes  a  permanent  record 
on  paper,  is  calibrate  on  a  DB  scale. 

r 

Interchangeable  potentiometer  for  power  level  measurements  are 
available  having  range  of: 

0-25  DB  in  i  DB  steps 
0-50  DB  in  |  DB  steps 
0-75  DB  in  i  DB  steps 

For  measuring  sound  intensities  a  potentiometer  calibrated  in  phones  is 
provided  having  a  range  of  30-105  phones. 

It  is  built  in  a  portable  form,  weight  35  lbs.,  and  is  completely  AC 
operated.  It  will  prove  a  great  time  saver  in  making  many  important 
measurements  as: 

,  1.  Measurement  of  reverberation  time  of  studios,  theaters,  etc.,  and 
of  sound  absorbing  properties  of  acoustic  materials. 

2.  Routine  measurements  of  microphones  produced  by  mass  produc¬ 
tion  methods. 

3.  Routine  sampling  measurements  of  loud  speakers  in  factories. 

4.  Measuring  characteristics  of  high  quality  soimd  systems  in  the 
rooms  where  they  are  to  be  used. 

5.  Measuring  characteristics  of  recording  and  reproducing  heads. 

6.  Measuring  transmission  characteristic  of  audio  frequency  filters, 
transformers,  equalizers,  amplifiers,  etc. 


Write  for  descriptive  literature. 

SOUND  APPARATUS  COMPANY 

150  WEST  46th  ST.,  NEW  YORK,  N.  Y. 

Sole  Distributor  of 

Neumann  aound  recordine  apparatus  Herold  cutting  and  reproducing  needles 

Saja  Synchronous  Motors  Dnralotone  records 


September  i  936  —  ELECTRONICS 


I 


1 


V  • 


from  Toasters  to  Motor  tars 


NEW  tafieneJ-iii/iSteJ 

GIVING  SENSATIONAL  LOCKING  RESULTS! 

,MHs,  Rv  K..  Rc4„..c,y  p-ov.R  "fi-'r:::::!'’ 


MHRICAN 
L  ot  ^hak^;proof  Lock  'X  achtrs. 
j  will  find  their  new  tapered-l 
iividing  positive  protection  .ipa 
iwerful  holding  method  provide 
tors  that  no  other  lock  washer  ■ 
iwerful  sprinp-tension,  and  a  sul 


‘7e<>f  SHAKEPROOF  tfou/* 


hi  llliHoh  Toot  U  orii 

Chicago,  Illinois 


n.,nh., or  of  Shukrproof  ProJu.n 
North  Keeler  Avenue 


KTdiiai 

rrri 


Firm  Same 


MICROPHONES  •  MIKE  STANDS  •  TWEETERS  •  HEAD  PHONES  •  LOUD  SPEAKERS 


CALLITE  PRODUCTS  DIVISION 


EISI-h.K  tl.tl  lKU  (  OKPOKA  I  lOS 


544- 39th  STREET 


UNION  CITY.  N.  J 


increasing  the  strength  of  the  mag¬ 
netic  field  the  instrument  may  be  made 
to  indicate  pulses  of  about  0.025  sec. 
duration  with  practically  full  strength 
(length  of  complete  scale  200  mm., 
power  consumption  1.5  milliwatt,  mo¬ 
ment  of  momentum  300  mgr.  cm.). 
Since  the  return  to  the  zero  position 
takes  about  the  same  time,  the  eye  is 
hardly  in  a  position  to  follow  the 
movements,  hence  the  need  for  slowing 
down  the  return  swing  if  manual  con¬ 
trol  is  desired.  The  necessaiy  delay 
is  obtained  by  means  of  a  circuit  hav¬ 
ing  the  resistance  R  and  the  condenser 
C  in  parallel  in  the  plate  lead  of  the 
diode  to  which  the  audio  frequency  is 
applied.  It  is  known  (see  Wireless 
Engineer  for  January  1935)  that 
under  these  conditions  the  voltage  de¬ 
veloped  between  filament  and  plate 
increases  with  time,  and  is  practically 
proportional  to  the  input  voltage  when 
R  r  exceeds  100,  r  being  the  internal 
resistance  of  the  diode.  The  internal 
resistance  r  is  rendered  small  by  using 
a  double  diode  in  push  pull.  In  order 


#  The  Brush  G2S2P  sound  cell  microphone — an  all  around  gen¬ 
eral  purpose  microphone  for  program  —  remote  pickup  and  an¬ 
nouncing  work.  Widely  used  in  high  grade  public  address 
installations.  A  typical  sound  cell  microphone  built  to  Brush’s 
traditionally  high  mechanical  and  electrical  standards.  Non- 
directional.  No  diaphragms.  No  distortion  from  close  speaking. 
Trouble-free  operation.  No  button  current  or  input  transformer 
to  cause  hum. 

'Beautifully  finished  in  dull  chromium.  Output  level  minus  70 
D.  B.  Size  3  inches  by  1%  x  iVs  inches.  Furnished  complete, 
with  a  Brush  S-1  Soocet  that  facilitates  easy  installation.  Full 
details,  Data  Sheet  No.  4.  Free.  Send  for  one. 


#  Meet  every  headphone  requirement.  Response  60  to 
10,000  cycles.  No  magnets  to  cause  diaphragm  chatter. 
Specially  designed  cases  minimize  breakage.  Light  in 
weight.  Only  6  oz.,  complete  with  headband  and  cords.  A 
quality  product  at  a  low  price.  Details,  Data  Sheet  No. 
10.  Copies  on  request.  Send  for  one. 


(.K  time  tonstant  circuit 


to  make  the  response  independent  of 
the  frequency  /,  the  product  RCf  must 
be  kept  small  in  order  to  reduce  the 
time  for  charging  (a  few  thousandths 
of  a  microfarad),  R  must  be  made 
large  between  20  and  100  megohms, 
which  may  unduly  increase  the  time 
required  for  the  discharge.  The  value 
desired  is  about  0.5  sec. 

One  improvement  in  this  respect  i.s 
to  reverse  the  direction  in  which  the 
rectified  audio  voltage  is  applied  to 
the  grid  of  the  amplifying  tube  follow¬ 
ing  the  diode  so  that  in  the  course  of 
the  discharge  the  grid  becomes  more 
positive.  With  R  equal  to  100  meg. 
charging  takes  0.001  sec.,  discharging 
3  sec.,  with  35  meg.  the  corresponding 
figures  are  0.001  and  1  sec.,  with  16 
meg.  $.$1  sec.  and  0.5  sec.,  these  latter 
values  being  quite  satisfactory. 

Another  solution  found  when  the 
loadiZ  is  too  high  to  use  a  second  stage 
of  amplification  ahead  of  the  diode, 
and  a  choke  coil  in  parallel  with  the 
moving  coil  in  order  to  decrease  the 
response  to  signals  of  very  short  dura¬ 
tion  (Nestel  and  Thilo).  If  manu¬ 
facturing  tolerances  applying  to  expo¬ 
nential  tubes  are  sufficiently  narrow, 
they  may  be  used  for  getting  an  out¬ 
put  current  which  increases  as  the 
logarithm  of  the  input  voltage. 

Instead  of  being  used  in  the  studio, 
the  instrument  may  be  set  up  near  the 
transmitter  adding  a  first  detector  for 
the  carrier  frequency  so  as  to  allow 
a  continuous  check  on  the  degree  of 
modulation.  Onde  el.  15,  No.  169: 
40-58.  1936  W.  Nestel  and  H.  G. 

Thilo.  El.  Tech.  Z.  57:  197-199,  1936. 
See  also  the  Gen.  Rado  Experimenter 
for  December  1935. 


CLEVELAND,  O. 


f>ecify  these  leading... 

CALLITE  PRODUCTS 


For  “Quality  Insurance”  At  No  Extra  Cost ! 


•TUNGSTEN 


•“CALLIFLEX” 

THERMOSTATIC  BIMETAL 


Rod,  Sheet,  Wire,  and  Special  Shapes 


Tjrpae  Available: — ^Hifh  Temperainre — Medium 
Temperature — Low  Temperature — Ru»t 
Rmiitinc 


•MOLYBDENUM 


Rod,  Sheet,  Wire,  end  Special  Shapes 


•TUNGSTEN 

8C  MOLYBDENUM  ALLOYS 


•KULGRID  WIRE 


High  CoodoctiTily  Facing  Material  for^ 
Welding  Electrode* — Controlling  Device* — Circuit 
Breaker* — Heavy  Duly  Relay* — High  Current 
Density  Contact* 


Kulgrid  Tungsten  Weld* 
Kulgrid  **C**  for  Grid  Side  Rods 
Kulgrid  **S**  Grid  Wire 


•CAL-LUX 

FLUORESCENT  MATERIALS 


For  all  applicaliont : — Tunpiten  k  Molybdenun^ 
Silver  and  Platinum — Precioue  Metal  Lamina!  el 
ContacU — Silver  and  Platinum  on  bate  metali 


with  Measured  Characterittict  for  All 
Applkationi 

Let  Us  Quote  On  Your  Requirements! 

lite  Product*  i*  a  pacemaker  for  reliable  quality,  dependable  performance,  and 
Select  the  item*  in  which  you  are  most  interested  and  •  .  •  WRITE  FOR 
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so  THAT  THERE  MAY  BE 

^M^HEN  the  Persians  Invaded  Greece.  480  B.C.,  a  line  ol 
sentinels  shouted  messages  from  Susa  to  Athens — 
450  miles  in  eight  hours. 

The  world  has  grown  smaller,  thanks  to  modem  communi¬ 
cations  systems  ...  to  Marconi,  who  first  flashed  wireless 
messages  from  Ireland  to  Buenos  Aires,  to  Lee  deForest  and 
Frederick  A.  Roister,  who  worked  in  laboratories  in  the  teens 
of  this  century,  to  William  Dubilier.  who  helped  pioneer 
radio-telephony.  Thanks  to  these  scientists  ...  to  the  early 
efforts  of  the  Comell-Dubilier  CorjMration,  today  a  message 
girdles  the  globe  in  a  matter  of  seconds. 

Today — in  two  modem  factories  which  turn  out  the  most 
complete  line  ol  condensers  in  the  world — Comell-Dubilier 
places  at  the  disposal  of  the  engineer  complete  facilities 
for  forward-looking  research,  for  quick  service,  so  that  to¬ 
day's  best  con  be  made  even  better  tomorrow — so  that  the 
far  spaces  of  the  earth  shall  be  os  close  as  our  own  backyard. 


mica  •  DYKANOL  •  WET  &  DRY  ELECTROLYTIC  •  PAPER 


CORNELL  DUBILIER  CORPORATION 

1006  HAMILTON  BLVD.  .  SO.  PLAINFIELD.  N.  J. 
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MICA  INSULATOR  COMPANY 


Fighting  Artificial 
Static  in  France 


GOAT 

FORM  FITTING  TUBE  SHIELDS 


[Michel  Adam].  The  French  legisla¬ 
tion  of  March  30,  1934  considers  the 
field  strength  of  a  disturbing  noise 
source  as  excessive  when  it  interferes 
with  the  reception  of  a  station  which 
produces  at  the  receiver  a  field  strength 
of  one  millivolt  per  meter,  and  de¬ 
mands  that  measures  be  taken  when¬ 
ever  the  two  signals  differ  by  less  than 
about  25  decibels,  the  desired  signal 
having  a  degree  of  modulation  of  30 
per  cent  at  a  frequency  of  800  cycles 
per  sec.  In  other  words,  the  strength 
of  the  disturber  should  not  be  more 
than  6  per  cent  of  the  strength  of  the 
wanted  signal.  Intermittent  noises  are 
considered  objectionable  when  they  last 
more  than  three  seconds  and  occur 
more  than  once  in  ten  minutes. 

About  150  radio  officers  have  received 
instruction  in  tracking  interference.  A 
standard  superheterodyne  with  5  tubes 
and  a  power  tube  is  used.  The  antenna 
is  formed  by  a  vertical  dipole  consist¬ 
ing  of  two  tubes  of  aluminum  1.5  cm. 
in  diameter  and  1  m.  long.  Detection 
and  amplification  are  practically  linear; 
the  volume  is  adjusted  by  changing 
the  grid  bias  of  the  r.f.  and  i.f.  tube. 
The  intermediate  frequency  is  140  kc. 
Variable  attenuation  is  obtained  by 
using  a  high  resistance  potentiometer 
for  coupling  the  detector  with  the  first 
a-f  amplifier,  the  25  decibel  point  being 
clearly  marked  on  the  dial. 

A  filter  prevents  noises  from  enter¬ 
ing  the  receiver  through  the  power 
supply;  it  consists  of  two  coils  of  1 
mhy.,  with  two  0.05  uf.  condensers  near 
the  outlet  and  0.2  uf.  near  the  receiver. 
The  interference  is  measured  by  means 
of  a  direct  reading  galvanometer  and  a 
copper  oxide  rectifier,  the  total  range 
being  700  microamps.  A  calibration 
sheet  indicates  the  readings  on  the 
galvanometer  which  correspond  to  the 
25  db.  point  below  the  standard  signal. 
The  receiver  weighs  less  than  12  kg. 

At  the  present  moment  the  legisla¬ 
tion  applies  only  to  devices  of  low- 
power,  such  as  domestic  appliances, 
small  motors  and  interruptors.  In  the 
first  complete  month  of  functioning 
13,465  defective  devices  were  located, 
in  the  second  month  13,632,  in  the  third 
13,577  and  so  on. 

In  Switzerland,  on  the  contrary,  par¬ 
ticular  attention  has  been  paid  to 
troubles  caused  by  electric  traction 
which  have  proved  to  be  strongest  at 
zero  load.  Revue  gen.  El.  39:  231-238. 
1936. 


THE 

BELL  TELEPHONE  LABORATORIES 


THE  WESTERN  ELECTRIC  COMPANY 

(Manufacturers  for  the  BELL  SYSTEM) 

under  s[}ecifications  prepared  by 

THE  BELL  LABORATORIES 


GOAT  RADIO  TUBE  PARTS,  INC 

(A  Division  o(  THE  FRED  GO.AT  CO.,  INC.,  Est.  189J) 


314  Dean  Street,  Brooklyn,  N.  Y, 


These  Mica  Shapes 
are  noted  for  Accuracy 


Tube  and  condenser  manufacturers 
are  most  enthusiastic  about  the  ac¬ 
curate  machining  of  our  mica 
shapes  . .  .  made  of  the  finest  mica 
obtainable  .  .  .  Munsell’s  India 
Ruby  Mica.  Further  details,  prices 


and  samples  gladly  furnished. 
Other  Electrical  Insulations:  more 
than  120,  including  Varnished 
Cloths,  Bakelite  Laminated  and 
Micanite  are  described  in  our  new 
Price  List  No.  101.  Write  for  copy. 


Chemical  Applications 
of  Phototubes 

[J.  A.  Walters].  The  various  types  of 
light-sensitive  cells  are  described  and 
the  author  points  out  that  phototubes 
are  not  always  the  best  solution  to  an 
industrial  problem  and  that  simpler 
alternatives  can  often  be  found.  — 
Jour.  Soc.  Chem.  Ind.  54:258-61,  1935. 


200  Varick  Street,  New  York:  542  So.  Dearborn  Street,  Chicago; 
1276  Wett  Third  St.,  Cleveland.  Brmchet  at:  Birmingham,  Boiton, 
Cincinnati,  Lot  Angelet,  San  Franciteo,  Seattle,  Montreal,  Toronto, 
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CANNON  ELECTRIC  DEVELOPMENT  CO. 

420  WEST  AVENUE  33,  LOS  ANGELES.  CALIFORNIA 
Eastern  Sales  Office:  220  FIFTH  AVE.,  NEW  YORK.  N.  Y. 


ELECTRONICS  —  September  1936 


~VKFLIETY>^fhjt  Spice:  oFJLife:! 

Likewise  the  "spice”  of  cannon  Plugs — over  600  fittings  (varying  from 
,  1  to  34  poles)  for  special  purposes — thousands  of  stock  parts  always  on  hand 
•  .  .  These  make  possible  an  almost  infinite  number  of  combinations,  enabling  us 
to  supply  unusual  needs  with  unusual  speed  without  sacrificing  Quality  •  .  .  Leaders 
in  the  airplane  and  the  sound-recording  industries  standardize  on  CANNON  Cable 
Connectors  for  Safety,  Service  and  Economy. 

Ask  for  your  copy  of  General  Plug  Catalog  or  Special  Airplane  Plug  Catalog 


CAKNOK 


CABLE 
CON  MECTORS 


I 


I  (’oiitiiiunl  from  /taijc  1I0| 


greater  with  no  d-c  in  the  reactor  is 
taken  advantage  of  in  the  design  of 
“swinging”  chokes.  These  chokes  are 
used  in  rectifier  filters  to  improve  the 
regulation.  The  higher  the  induct¬ 
ance  of  the  choke,  the  less  rise  in 
voltage  there  is  at  light  d-c  loads.  If, 
then,  the  choke  is  allowed  to  saturate 
considerably  at  full  load,  the  induct¬ 
ance  rises  as  the  load  is  decreased, 
and  the  regulation  is  improved,  with¬ 
out  necessitating  the  use  of  a  large 
choke  having  high  inductance  at  full 
load.  Part  of  the  advantage  is  lost 
because  saturation  prevents  the  reac¬ 
tor  from  performing  well  on  positive 
ripple  peaks  at  full  load,  but  the 
overall  result  is  a  smaller  choke  for 
the  same  regulation  and  ripple. 

Besides  this  quality  of  linearity,  it 
is  of  course  necessary  that  the  re¬ 
actor  or  transformer  have  the  proper 
amount  of  inductance.  The  latter 
can  be  found  from  Fig.  6,  which 
represents  the  low  frequency  end  of 
three  audio  response  curves.  Instead 
of  having  frequency  for  abscissas, 
the^'e  curves  have  Xn  Ri,  where  A', 
is  the  reactance  at  low  audio  fre¬ 
quencies  and  Ri  is  the  resi.stance  of 
the  source,  such  as  a  transmission 
line  or  vacuum  tube.  The  remaining 
variable  R-  is  the  load  resistance, 
and  the  three  curves  are  for  three 
common  relations  between  R,  and  /?,: 

R,  =  Ri  (line  matching) 

Rt  =  2Ri  (U.P.O.  load  for  triodes) 

R,  =  00  (open  grid  load) 

In  the  case  of  a  transformer,  the 
load  resistance  /?,  is  referred  to  the 
primary  side  by  the  square  of  the 
transformer  ratio.  The  ordinates  are 
“Db”  down  from  1000  cycles.” 

A  final  example  will  serve  to  illus¬ 
trate  the  use  of  the  curves.  Let  a 
transformer  be  required  to  deliver 
the  maximum  undistorted  power  out¬ 
put  of  a  triode  having  a  plate  resist¬ 
ance  of  5000  ohms  into  a  500  ohm 
load,  with  not  more  than  1  db  drop  in 
response  at  30  cycles. 

For  maximum  U.P.O.  the  primary 
load  resistance  should  be  10,000  ohms 

10.000 

and  so  the  turns  ratio  is  y^^QO 

or  4.46.  The  proper  curve  in  Fig.  6 
is  Rt  =  2Ru  and  for  1  db  down  we 
see  that  XJRx  =  1.3  or  AT*  =  *»500 
ohms  at  30  cycles.  This  corresponds 
to  34.5  henries  primary  inductance. 


HAMMARLUND  CONDENSERS  FOR  EVERY  PURPOSE 


Twenty-five  years  ago.  the  first  Ham-  lories,  G.E.,  Westinghouse,  Wester 

marlund  variable  condensers  made  a  Electric,  R.C.A.,  U.S.  Army  and  Nav 

heralded  appearance  to  the  applause  of  Bureau  of  Standards,  foreign  goven 

the  communication  engineering  world.  ments  the  world  over,  etc.  Every  fei 

Their  dominant  superiority  became  a  ture  of  Hammarlund  condensers 

by-word  in  laboratories,  factories,  designed  for  peak  electrical  and  m( 

schools,  and  homes  the  world  over.  To-  chanical  performance.  Wide  capacil 

day,  specialists  continue  to  show  their  ratios,  vibration  proof  constructioi 

approval  of  these  distinctive  Hammar-  quality  insulation,  selected  metals  -a 

lund  items  by  continually  specifying  with  an  eye  to  dependable  trouble-frei 

their  use  in  every  conceivable  type  long-lasting  service,  cliaracteristi 

of  communication  instrument.  A  Hammarlund  workmanshii 

few  of  the  distinguished  members  fM  I  Countless  stock  models  availabl 
of  the  Hammarlund  family  of  Special  types  made  to  specific) 

users  are  Bell  Telephone  Labora-  tions. 

Send  for  the  complete  intereBtinf  Hammarlund  sfi  ry  h\  uriting  to  Dept.  E  \0 

THE  HAMMARLUND  MANUFACTURING  COMPANY,  INC. 

WEST  SSrd  STEEET,  NEW  YORK  CITY 


TELEVISION? 


SOUND? 

INDUSTRIAL? 


Whatever  your  interest  may  be  in  photo  cells — there  is  a 
dependable  super-sensitive  CETRON  available  for  most 
purposes. 

As  specialists  in  the  manufacture  of  photo  cells  we  are 
prepared  to  supply  a  wide  range  of  standard  cells  or,  if  you 
prefer,  we  will  make  them  to  your  specifications. 

We  invite  your  inquiry. 

COIVTIKENTAL  ELECTRIC  CO. 

ST.  CHARLES  7  ILLINOIS 


CLEEN-CUT 


The  QUALITY  BLANK  for  Instantaneous  and  transcription 
recording  is  STANDARD  with  the  foremost  recording  studios 
as  well  as  with  the  largest  and  most  discriminating  users  of 
recording  blanks.  Write  for  literature  and  price  list. 


Watch  for  important  announcement — coming  soon — 
regarding  our  new  sound  recording  equipment. 


ALLIED  RECORDING  PRODUCTS  CO. 

I^one  BRyant  9-1435  126  West  46th  Street,  New  York,  N.  Y. 
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USED  BY  LEADING  BROADCAST  STATIONS 


FAIRCHILD-PROCTOR 

PICKUP 


Electrically  and  mechanically  engineered  to  produce  the 
finest  and  most  uniform  response  throughout  the  entire 
audio  range— with  minimum  record  wear— Fairchild-Proctor 
Pickups  are  becoming  standard  equipment  in  the  foremost 
broadcast  stations  throughout  the  world. 

Light  Weight » Scientific  Balance  by  Adjustable  Counterweight; 
Calibrated  Needle  Pressure  Scale  '  Ball-bearing  throughout  » 
Minimum  Record  Wear  *  Extended  Frequency  Range,  High 
and  Low  '  Uniform  Response  '  Non-Resonant '  Non-Magnetic 
'  Freely  Damped  '  Selected  Crystal  »  Precision  Manufacture. 

Other  Fairchild-Proctor  equipment  includes:  Radio  Station  Studio  Re¬ 
corders  —  Portable  Recorders  —  “Word-Spotters”  for  Sound  Effects — Pre- 
Setting  Pickup — Transcription  Turntables.  Write  for  complete  Catalogue, 
addressing  Dept,  E-2. 


FAIRCHILD  AERIAL  CAMERA 

SOUND  EQUIPMENT  DIVISION  •  62-10  WOODSIDE  AVENUE. 


CORPORATION 

WOODSIDE,  NEW  YORK  CITY 
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ClAROSU! 


NewS' 


Mr.  Jarvis  and  Mr.  Blair  are  well 
known  in  radio  engineering  circles 
(Crosley,  Zenith  and  Meissner),  Mr. 
Hobusch  was  production  superintendent 
with  P.  R.  Mallory  and  Meissner,  and 
Mr.  Gelein  was  Vice-President  and 
member  of  the  board  of  Warren-Nash 
Motors  Corp.  of  New  York,  1920-1935. 


^  Globar  Corporation  announces  the 
change  of  their  name  to  The  Carborun¬ 
dum  Company,  Globar  Division,  Niag¬ 
ara  Falls,  New  York.  The  Carborun¬ 
dum  Company  has  purchased  the 
complete  assets  of  the  former  Globar 
Corporation  and  from  now  on  the  com¬ 
pany  will  function  as  one  of  the 
definite  divisions  of  The  Carborundum 
Company.  ^ 


>  Zophar  Mills,  Inc.,  have  moved  to 
new  headquarters  at  112-130  26th 
Street,  Brooklyn,  New  York,  where 
they  will  continue  to  manufacture  elec¬ 
trical  insulating  compounds,  textile 
saturators  and  similar  products.  They 
also  announce  the  opening  of  a  Chicago 
office  at  21  E.  VanBuren  Street. 


Transformer  Corporation  of  America 
announces  the  opening  of  a  new  and 
modem  plant  at  69  Wooster  Street, 
New  York  City,  for  the  manufacture 
of  radio  and  allied  products  under  their 
Clarion  trademark.  This  company  has 
recently  been  reorganized  and  new  offi¬ 
cers  are  Hubert  Shortt,  president  and 
general  manager,  and  Frederick  H. 
Skortzki,  treasurer  and  sales  manager. 


Kay  Products  of  America  announce 
their  removal  to  new  and  larger  quar¬ 
ters  at  39-01  Queens  Boulevard,  Long 
Island  City,  New  York. 

4-  Norwalk  Engineering  Corporation, 

South  Norwalk,  Connecticut,  announces  4  Webster  Electric  Company,  Racine, 

their  entry  into  the  business  of  manu-  Wisconsin,  announces  that  it  now  offer: 

factoring  coils  for  radio  set  manufac-  to  the  trade  a  full  line  of  Sound  sys 

turers.  This  company,  organized  in  terns  licensed  under  patents  owned  or 

March,  1936,  is  now  ready  to  supply  controlled  by  Western  Electric  Corn- 

manufacturers  with  r-f,  i-f  or  other  pany,  Inc.,  and  the  American  Telephone 

types  of  windings.  The  members  of  the  &  Telegraph  Company, 

firm  are  Edwin  A.  Gelein,  President  and 

Treasurer  (University  of  Wisconsin,  4  American  Lava  Corporation,  Chat- 

1915),  Kenneth  W.  Jarvis,  Vice  Presi-  tanooga,  Tennessee,  has  opened  its  new 

dent  and  Secretary  (Ohio  State,  1923),  plant,  with  research  laboratory,  and 

Russel  M.  Blair,  Chief  Engineer  (Uni-  three  times  the  capacity  of  the  old 

versity  of  Cincinnati,  1926),  and  James  plant,  accomplishing  the  move  without 

Hobusch,  Production  Superintendent.  interruption  of  production. 


New  Products 


Multi-tester  booster  provides  a  continuous  flow  of 

current  at  a  constant  level  for  unlim- 
Radio  City  Products  Company,  Park  >ted  periods  of  time. 

Place,  New  York  City,  has  developed 
a  testing  instrument  which  serves  as 
forty-one  different  instruments,  mea- 
suring  resistance,  capacity,  a-c  and  d-c 

voltages  and  current,  power  J 

d-b  and  inductance.  at  $31.50 

is  known  as  Model  4N. 


NEW  looM-Iraf  en- 
{rineerlnr  informa¬ 
tion  on  all  types  of 
resistors. 

Do  not  hesitate  to 
submit  yonr  enri- 
neerlns  problems  for 
aid  and  quotations. 
CLAB08TAT  prod¬ 
ucts  are  bonrnt  by 
such  critical  users 
as  W.  E.,  Bell  Labs., 
I  e  a  d  1  n  ■:  networks, 
etc. 


The  Sonotone  Corporation,  manufac¬ 
turer  of  hearing  aids,  has  recently  re¬ 
designed  its  Sonotone  Power  Booster, 
employing  a  housing  of  gleaming  black 
Bakelite  molded.  This  attractive,  com¬ 
pact  amplifying  unit  can  be  plugged 
into  any  electrical  outlet,  thereby  elim¬ 
inating  the  use  of  batteries.  The  power 


Visit  with  us  at  Booth  25,  I.R.S.M.  Show 
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New  "Standard^^  Dry  Electrolytics  offer 
large  price-  and  space-savings  over  pre¬ 
vious  types.  These  modern  Solar  condens¬ 
ers  include  a  wealth  of  experience  combined 
with  the  lessons  of  yesterday  and  the  needs 
f  of  tomorrow.  Literature  on  request. 

I 

AND  DRY  ELECTROLYTICS . PAPER,  MICA,  TRIMMER  CONDENSERS 


SOLAR  MANUFACTURING  CORP. 

H  599-601  Broadway  New  York  City 
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CONDENSERS 


HENRY  L  CROWLEY  CO.,  Inc 


1  CENTRAL  AVE.,  WEST  ORANGE,  N.  J 


AC/ DC  Circuit  Tester 

Ferranty  Electric,  Inc.,  30  Rocke¬ 
feller  Plaza,  New  York,  N.  Y.,  an¬ 
nounce  a  new  AC/DC  Circuit  Tester 
for  the  communications  field.  Weigh¬ 
ing  14  oz.  it  can  be  carried  in  the 
pocket.  AC  voltage,  DC  voltage,  AC 
mils,  DC  mils,  and  ohms  can  be  meas¬ 
ured.  It  is  contained  in  a  polished 
black  bakelite  case  and  has  a  scale 
length  of  2i",  and  a  knife  edge  jiointer 
giving  accurate  readings.  There  are 


New  permanent,  stable  electrolyte 
principle.  Will  withstand  tremendous 
overload.  Pull  Test  report  available. 


New  designs  give  as  high  as  6  to  I 
gain  in  Q  and  L.  Today's  latest  and 
most  advanced  developments  in  re¬ 
ceiver  design.  See  special  report 
and  samples. 


PATENTED 


five  AC  voltage  scales:  0-15,  0-150, 
0-300,  0-450  and  0-600  volts.  Six  DC 
voltage  ranges  are:  0-3,  0-15,  0-150, 
0-300,  0-450  and  0-600  volts.  The  AC 
range  is  0-1  mil,  and  the  DC  ranges 
are:  0-1,  0-7.5,  0-30,  0-150,  and  0-750 
ma.  Resistance  ranges  are  0-50,000, 
0-150,000,  0-750,000  ohms,  and  0-7.5, 
0-15,  0-30  megohms. 

A  clearly  marked  rotary  switch  is 
fitted  at  the  front  for  range  selection 
making  the  instrument  extremely  sim¬ 
ple  to  operate.  The  terminals  of  the 
instrument  are  of  the  socket  type 
clearly  marked  and  located  at  the  top 
of  the  case.  Connection  to  these  termi¬ 
nals  is  made  by  means  of  a  pair  of 
leads  fitted  with  substantial  plugs  at 
one  end  and  crocodile  clips  at  the  other. 
The  crocodile  clips  are  removable  and 
can  be  replaced  by  insulated  test  prods 
as  required. 


The  original  low  loss  ceramics.  New 
developments:  high  dielectric  con¬ 
stant;  low,  thermal  expansion;  and 
other  special  ceramics.  Bulletins 
available. 


even  in  meggers, 


Colorimeter 

A  CALIBRATED,  direct-reading,  photo¬ 
electric  photometer  known  as  the  Kuder 
Colorimeter  is  being  marketed  by 
Fisher  Scientific  Company  of  Pitts¬ 
burgh,  Pennsylvania.  There  are  two 
models,  one  having  nine  scales,  the  other 
having  a  linear  scale  with  a  six-step 
sensitivity  control.  It  uses  a  barrier 
layer  cell  and  provides  the  direct  accur¬ 
ate  method  of  reading  the  concentration 
of  colored  solution.  It  has  a  photometric 
accuracy  of  i  of  1%.  The  two  nsodels 
sell  for  $450  and  $400  respectively. 


SAMPLES  ON  REQUEST 


CONDENSERS  •  MAGICORES  •  RESISTORS.*  CERAMICS 
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Every  day  reports  like  these  com^  from  PARKER-KALON 
ASSEMBLY  ENGLNEERS  ...  See  hoic  it  pays  to  employ 
their  specialized  knoicledge  in  a  study  of  fastening  jobs 


Roland  Roe 


A  hardened  self-tapping  screw  for  every  kind  of  assembly  i  type 


. . .  7  out  of  10  con  Modernize 
metal  and  plastic  Assemblies 

—  to  win  economies  and  benefits  like  these 


Modernization  usually  im¬ 
plies  an  investment  in  equip¬ 
ment  or  eostly  ehanges  in  method. 
Hut  in  one  of  the  most  important 
plant  funetions  .  .  .  Assembly  U  ork 
...  it  ean  be  earried  out  with 
profit  hy  7  out  of  10  eoneerns  that 
asst'inhle  metal  or  plasties,  without 
investing  a  dollar. 

Proof  of  this  is  found  in  the  re¬ 
sults  obtained  hy  hundreds  of 
plants.  In  7  out  of  10  cases  where 
Parker-Kalon  Assembly  Engineers 
have  been  invited  to  investigate 
opportunities  for  applying  Hard¬ 
ened  Sidf-tapping  Serews.  assembly 
work  has  been  improved  without 
expense  or  radieal  change.  Fasten¬ 
ing  jobs  were  speeded-up.  made 
easier  and  cheaper  .  .  .  assemblies 
were  strengthened  .  .  .  new  possi¬ 
bilities  for  design  simplifieation 
and  product  improvement  were 
opened-up,  merely  by  substitut¬ 
ing  Hardened  Self-tapping  Serews 
for  more  complicated  and  eostly 
methods. 

Plants  that  know  and  make  some 
use  of  these  famous  Serews  often 
benefit  most  from  a  serious  attempt 
to  utilize  them  to  the  fullest  practi¬ 
cable  extent  for  simplifving  assem¬ 
bly  work  and  reducing  costs.  In 
studying  fastening  jobs  with  a 
Parker-Kalon  Assembly  Engineer, 
design  and  production  executives 
also  frequently  find  that  Hardened 
Self-lapping  Screws  can  be  success¬ 
fully  used  for  seemingly  impractical 
applications. 

PARKER-KALON  CORPORATION 
198  Varick  Street,  New  York,  N.  Y. 
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Your  own  assembly  work  may  bold  many  bidden  or  overlooked  opportunities  which 
could  be  uncovered  merely  by  employing  the  specialized  knowledge  of  a  Parker-Kalon 
Assembly  Engineer.  It  costs  nothing  to  have  him  go  over  your  fastenings  with  you. 
Further,  you  will  not  be  “pestered”  for  he  is  a  practical  man  whose  sole  function  is 
service.  He  does  no  selling.  Write  us  and  a  visit  at  your  plant  will  be  scheduled. 
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PARKER-KALON 


FASTENING  DEVICES 
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Record  Piano  Music  at  33i-  RM.P. 
UNIVERSAL 
Professional 
Recording 
Machine 


New,  improTed  deeign — Scientifi- 
callj  correct — SnperlatiTe  perform - 
ance — Solid,  heary,  dependable — 

Precision  machined  for  long  and 
continued  use — 16-in.  distortion 

proof  tnratabla  disc  —  Constant 
spend  rim  drire— 110  roU  A.C.  1009^  synchronou,  rerersible  motor — Individually  calibrated  timing 
bar  proridas  for  both  33  1/3  and  78  R.P.M.  at  90,  110,  and  130  lines  per  in.— Solid  steal  bar 
slide — The  climax  of  four  years  of  research  and  experiment — Positively  the  last  word  la  Instan¬ 
taneous  recording  equipment.  ITrite  /or  latest  folder  giving  detmiled  description. 


UNIVERSAL  MICROPHONE  CO„  Lfd, 

424  Warren  Lane,  Inglewood,  Calif.,  U.  S.  A. 


Headpiiones 


nmco 


Insulated  Wire 


Whether  it  requires  a  Simple  Free 
Push  Back  or  a  Line  Cord  in  Rubber 
or  Silk — or  even  a  multiple  cable — 
Thousands  of  manufacturers  depend 
on  us  for  their  production. 

Write  us  for  quotations. 


General  Sales  Office 

GENERAL  INSULATED  WIRE  CORP. 

53  PARK  PLACE,  NEW  YORK  CITY 


POWER  RESISTORS 

which  assure  high  quality  and 
accuracy  at  an  economical  price 

These  units  enjoy  srlde  acceptance  by  motor  manufacturers,  motor  serrice 
men,  the  radio  serrlce  Held,  ampUflets.  etc.,  as  well  as  by  P.  A.  Equip¬ 
ment  manufacturers.  inezpenslTe  meter  manufacturers,  etc.  They  can  be 
depended  on  for  accuracy  within  2%,  and  assure  high  quality  at  low  price. 
Available  In  5-10  and  20-watt  sizes  with  maximum  resistances  of  30,000, 
50,000  and  100,000  ohms  respectlveb'.  Write  for  details  and  prices. 

CUSTOM-BUILT  WIRE  WOUND  RESISTORS 


n 

m 

Mm 

[  WIRE 

WOUND 

RESISTORS  J 

PRECISION, RESISTOR  CO.,  334  Badger  Ave.,  Newark,  N.  J. 


DYNAMIC  MICROPHONES 


ARE  INCREASING  IN  POPULARITY 

because  they 
— have  greater  sensitivity 
— are  free  from  Inductive  pickup 
— have  no  background  noise 
— can  work  with  long  lines 
— are  sturdiest  ever  produced 
— are  weatherproof 
— are  small  in  size 
— are  reasonable  in  price 
ffrite  for  Latest  Bulletin  No.  3013 

RADIO  RECEPTOR  COMPANY,  INC. 

108  SEVENTH  AVE.  .  NEW  YORK.  N.  Y. 


Brush  Devhlop.ment  Company,  E. 
40th  at  Perkins  Avenue,  Cleveland, 
Ohio,  announces  two  new  models  of 
crystal  headphones.  These  are  single 
phone  instruments,  one  with  a  head 
band  and  soft  rubber  pad  which  holds 
the  phone  securely  in  place  against  the 
ear;  the  other  has  the  phone  mounteti 
on  a  twelve  inch  lorgnette  handle. 


New  Tubes 

The  following  new  tubes  have  been  an¬ 
nounced  recently: 

National  Union — The  following  battery 
tubes,  requiring  a  heater  current  of 
0.16  amperes  instead  of  the  conven¬ 
tional  0.3  amperes,  are  available:  6S7G, 
a  remote  cut-oflf  amplifier;  6D8G,  elec¬ 
tron-coupled  converter;  6L5G,  voltage 
amplifier  with  an  application  factor  of 
17;  6Q6G,  a  diode-high-mu  troide;  6N5. 
tuning  indicator. 

Raytheon — 6L6G,  1F6G,  similar  to  1F4; 
1D5G,  similar  to  1A4;  6B8,  similar  to 
the  glass  6B7;  RK-36,  high  efficiency, 
ultra  high  frequency  triode;  RK-33, 
double  triode;  6D8G,  6S7G,  6L5G. 
6Q6G,  and  6N5,  150  ma.  heater  current 
type  glass  tubes,  25  BOG — a  new  43. 
Continental — Cetron  type  CE-20,  caes¬ 
ium-argon  photocell  specially  designed 
for  use  with  16  mm.  projectors. 


Arcturus — 6 LOG  beam  amplifier  tube; 
6B6;  6N7G;  6P7;  6Q7G;  6X5G;  25A6G: 
25Z6G. 

Ken-Rad — 6B8  and  6B8G  all-metal  and 
glass  with  octal  base  tubes  similar  to 
the  6B7.  6G6,  remote  cut-off  indicator 
tube.  Ken-Rad  states  that  satisfactory 
performance  can  now  be  obtained  with 
the  6E5  at  a  maximum  plate  voltage  of 
100  volts. 

Hytron — 25A7,  a  rectifier  power  output 
pentrode. 

RCA — 6G5  electron  ray  tube  of  the  in¬ 
dicator  type  with  a  remote  cutoff 
triode.  ^  ~ 

RCA — 920-'tiHn  phototube  of  the  gas¬ 
eous  type.’.  Has  two  separate  units  in 
one  bulb.  For  use  with  dual  sound  track 
motion-pi^ure'  equipment.  RCA-1603 
pentode  amplifiCT.  DesigYied  to  have 
low-noise  and  low-microphonic  charac¬ 
teristics.  Intended  for  use  in  high-gain 
pre-amplifiers. 

Westinghouse  Lamp — ^WL-460;  a  250- 
watt  triode  oscillator  for  short  wave 
therapy  machines  delivers  260  watts  at 
6  meters.  Plate  voltage  2600;  thori- 
ated  tungsten  filament. 
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ARMORED  CABLE 


CRESCENT  MANUFACTURERS 


BUILDING  WIRE 


CRESCENT  CORD  SETS 

WITH  PARTS-READY  TO  INSTALL 


RADIO  MANUFACTURERS 

Make  Big  Savings  with 

CRESCENT  COMPLETE  CORD  SETS 


WRITE  ES—We 

will  he  glad  to 
show  you  sam¬ 
ples  of  work  we 
are  doing.  Address 
Department  E. 


RECEIVER  CORDS 
ASSEMBLY  CORDS 
ANTENNA  CORDS 
SHIELDED  CORDS 


We  are  making  large  savings  for  radio  manufacturers  by  assem¬ 
bling  their  cords  complete  with  switches,  sockets,  fittings,  etc. 

We  specialize  in  this  work.  Our  testing  and  inspection  is 
complete  and  we  guarantee  100%  perfect  cords  ready  for 
installation.  Send  us  your  blue  prints  for  prices  on  quantity 
production. 


Address  Department  E. 


INSUIATED  WIRE/i 


TRENTON. 


&  CABLE  CO.  INC 


NEW  JERSEY 


a  ELEC 

L 
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RUBBER  POWER  CABLES 
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FLEXIBLE  CORDS  •  RADIO  WIRES  •  LEAD  ENCASED  CABLES  •  PARKWAY  CABLE  •  '  VARNISHED  CAMBRIC  '  SIGNAL  CABLE 


^aoL  jLau  UahiaHsL  / 


QomphsAAsiL  qoA,  amcbLnAnAA^ 
vcudablfL  and-  ^ixsid—fVwvidfL 
ihsL  loqicaL  AoLudmfL.. 


Cbnoti^  ou/L  UASAA. 


K  M  O  X  — St.  Louis 
.W  B  B  M  — Chicago 
K  Y  W  — Philadelphia 
K  W  K  H  — Shreveport 


JkoAs'A-  a,  MOAOtL 


dsL  iLiu  cxfiLain, 


C  Heintz 


Loudspeakers 

Unusual  in  construction,  a  new  Quam- 
Nichols  Co.,  1623  W.  74th,  Chicago, 
Ill.,  chromatic  speaker  has,  according 
to  the  manufacturer,  better  sensitivity 
than  a  dynamic  and  more  volume  than 
a  magnetic.  It  has  a  snubbing  device 
which  prevents  rattle  on  high  ampli¬ 
tude  notes  but  which  does  not  affect 
the  normal  sensitivity.  High  ampli¬ 
tude  vibrations  are  damped  by  rubber 
pads. 


Professional 

Services 


BLILEY  ELECTRIC  CO, 


A  loud  speaker  unit  with  high  sensi¬ 
tivity  due  to  the  lightness  of  the  dia¬ 
phragm  and  voice  coil  and  high  mag¬ 
netic  efficiency  in  handling  25  watts 
has  been  announced  by  Fox  Sound 
Equipment  Corporation,  Toledo,  Ohio. 
It  is  suited  for  public  address  and 
theatre  systems  where  tone  shades, 
whispers  and  light  musical  effects  are 
as  important  as  heavy  orchestral  and 
organ  volume.  It  has  a  one-piece  metal 
diaphragm,  0.002"  thick. 


Detignera — .Vanufacturara 
Quarts  Crystals  for  st.'indard  or  special 
radio  frequency  applications. 

Inquiriea  Invited. 

240  Union  Station  Bldf. 

Erie.  Penna. 


Less  than  a  year  has  elapsed  since 
Cinaudaitraph  introduced  the 
MAGIC  MAGNET  SPEAKER.  The 
revolutionary  principies  embodied 
in  this  line  speaker  have  definitely 
(iven  it  first  place  in  the  radio  In¬ 
dustry. 

Engineers,  manufacturers,  assem¬ 
blers  of  P.A.  equipment,  service 
technicians,  have  placed  their  stcmp 
of  unqualified  approval  on  MAGIC 
MAGNET  SPEAKERS. 

Hava  your  aoeratary  request  daaerip- 
tiva  literature  and  engineering  data 
.  .  .  TODAY. 


EISLER  ENGINEERING  CO. 

Consulting,  Designing  d  Ufg.  Engineers 
Electric  Welding  Problems,  High  Vacuum 
Compound  Pumps.  Soft  and  Hard 
Giass  Working  K<|uipment.  Radio 
and  Electronic  Tube  Machinery 
Spscisl  Mschinsry  built  to  your  ssoellloatloiu 
758  So.  13th  St. _ Newark.  N.  J. 


ELEQRICAL  TESTING 
LABORATORIES 

Chsrtclrrlitln  and 
Life  Teats  of  Vacuum  Tubes 
Teiti  of  photo  colli,  glow  Itmpi.  crater  lampt. 
Tcitt  of  electronic  and  optical  derlcca. 

80tb  Street  and  East  End  Avenue 
New  York.  N.  Y. 

_ Phone:  Buttartleld  t-lltt 


Lansing  Manufacturing  Company, 
Los  Angeles,  California,  extends  its 
line  of  speakers  by  adding  the  Monitor 
designed  for  program  monitoring,  high- 
quality  speech  reinforcement  and  de¬ 
luxe  radio  receiver  use.  It  is  an  out¬ 
growth  of  the  development  of  the 
Lansing-Shearer  two-way  horn  system 
described  in  Electronics,  March,  1936. 
Its  dimensions  are,  50"  wide,  by  27" 
high  by  27"  deep.  It  has  high  efficiency 
and  smooth  response  from  50  to  8,000 
cycles. 


Spsaker  Diviaion,  Ospt.  “S"  •  Stasiford.  Conn. 


BERNARD  EPHRAIM,  E.  E. 

Expert  Foreign  Technical  Translator 
Patent  Speciflcatlona  Engineering  Articles 
French.  Spanish,  Italian.  German 
Box  4040.  San  Franciaco.  California 


THAD  R.  GOLDSBOROUGH 

aaciSTiaao  rATiHT  ArroaNtr 

W estingheuse  Electric,  192S-193t 
Patent  Attorney,  RCA  yictor,  1930-1935 
Fifteen  years  famtllarlty  with  patent  laattcn 
relating  to  Talking  Morlea,  TelcTtsion,  Radio  and 
Electronica. 

201-206  McLachlen  Building 
Washington,  O.  C. 


New  replacement  speakers  available  in 
5",  6",  8",  10"  and  12",  sizes  from 
Operadio  Manufacturing  Company,  St. 
Charles,  Illinois.  These  speakers  are 
available  with  universal  matching 
transformers  and  standard  field  coil 
ratings.  Operadio  offers  a  unique  time 
payment  plan  on  this  junior  series  radio 
replacement  speakers.  Operadio  also 
offers  a  mobile  public  address  system 
known  as  Model  112,  which  operates 
from  a  6-volt  storage  battery  and  de¬ 
livers  20  watts  class  A  power  output. 


HUDSON  BROS.  MFG.  CO.,  Inc. 

611-41  4tnd  St.,  Union  aty,  N.  J. 
Dotignort  ind  coniultanti  for  exporlmtaUl  gUii 
■pptritui,  pyroi  god  loft  glut. 

Aipirttor  Pumpi  OrouiHl  Jolnti 

Qrtded  Sttli  Stop-Cock  OrwM 

Stop-Cockt  Pyrtg  and  McLeod  Otugei 

Soft  Olait  Trtpc  of  all  typei 

ateas  Apparatus  Mads  to  Blue  Print  BpaaiBaatica 
Tel.  Ptliitde  a-SI4( 


PROFESSIONAL 

ASSISTANCE 


The  Magnavox  Company,  Fort  Wayne, 
Indiana,  states  that  the  new  Model  305- 
15  inch  speaker  recently  introduced 
gives  set  manufacturers  an  opportunity 
to  enhance  sales  appeal,  performance 
and  quality  of  their  receiving  sets.  It 
will  handle  6L6  outlet  tubes,  has  a  fre¬ 
quency  range  of  40  to  6000  cycles,  ac¬ 
cording  to  the  bulletin,  and  further¬ 
more,  has  eye  appeal.  It  lists  at 
$30.00. 


in  the  solving  of  your 
most  difficult  problt’ins 
in  the  highly  special¬ 
ised  field  of  electronic 
devices  is  offered  by 
consultants  whose  cards 
appear  on  this  page. 
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RELAYS 


Turret  Projector  Horn 

The  Operadio  Manufacturing  Co.. 
St.  Charles,  Ill.,  has  developed  a 
horn  especially  designed  for  project¬ 
ing  from  a  dynamic  cone  speaker. 
The  horn  is  made  of  spun  brass  and 


Frequency  Measuring  Service 

Many  stations  find  this  exact  measuring  serv- 
ice  of  great  value  for  routine  observation  of 
transmitter  performance  and  for  accurately 
calibrating  their  own  monitors. 

MEASUREMENTS  WHEN  YOU  NEED  THEM  MOST 
R.C.A.  COMMUNICATIONS,  Inc. 

Commercial  Dept. 

A  RADIO  CORPORATION  OP  AMERICA  SERVICE 

66  BROAD  STREET  NEW  YORK,  N.  Y. 


LEACH 


For  Your  Power  Tubes.  These  light 
duty  overload  trip  relays  have  a  wide 
field  of  use  as  safety  devices  on  elec¬ 
tronic  apparatus.  Operation  is  un¬ 
usually  dependable.  Scores  of  nation¬ 
ally  known  concerns  rely  on  Leach 
Relays  for  protection. 

Leach  Relay  Company 

>915  Avalon  Boulevard, 

Los  Angeles,  Calif. 


SEND 

COUPON 


DMirn  that  assembly  much  an  you  plcawc. 
For  when  it  cornea  to  c<»ndeniierH.  AEROVOX  | 
can  meet  any  requirement.  •  Most  likely  i 
you  can  utilize  standard  AEROVOX  units,  be-  \ 
cause  of  the  remarkabie  variety  offered.  • 
Otherwise.  AEROVOX  can  make  special  units 
to  meet  the  most  peculiar  needs.  •  In  either 
event,  the  low  cost  will  always  reflect  the 
savinrs  of  a  rreat  plant  ruided  by  an  out- 
standlnx  engineering  staff. 

tor  latest  catalog  covering  the 
WT  lilK  extensive  line  €)f  condensers  and 
resistors.  Meanwhile,  submit  problems  for 
engineering  aid  and  quotations. 


CORPORATION 

75  Washington  St.  t  :  Brooklyn,  N.  Y. 


slightly  lower  voltage-current  charac¬ 
teristics.  Has  the  standard  50  watt 
base;  average  plate  current,  h® 
amperes;  filament  voltage,  5  volts  a.c.; 
filament  current,  10  amperes;  peak  m* 
lOi"  long,  3 A"  diameter;  .500" 
verse  voltage,  15,000  volts.  Dimensions: 
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I  is  designed  to  give  adequate  rear 
pressure  relief  for  the  speaker  cone. 
It  is  designed  for  a  speaker  of  10-in. 

I  diameter  only.  Overall  dimensions 
are  17  in.  long  and  18  in.  diameter  at 
the  bell.  The  finish  is  black  enamel. 
The  net  weight  is  5  lb. 

The  newest  offering  of  Operadio  is 
the  Model  44  acousti-reflex  speaker  cab¬ 
inet.  Designed  to  minimize  feed-back 
difficulties  and  increase  speaker  effi¬ 
ciency,  it  affords  better  coverage  with 
less  amplifier  power  output.  Accommo¬ 
dates  electro-dynamic  speakers  of  the 
12”  size,  such  as  the  E-4  series.  Has 
an  inbuilt  exponential  chamber  which 
takes  sound  from  the  back  of  the  cone 
and  expands  it  in  a  normal  manner, 
and  projects  it  to  front  to  augment 
the  sound  volume  generated  by  the 
front  speaker  cone. 

Rectifier  Tube 

Amperex  Electronic  Products,  Inc., 
79  Washington  Street,  Brookljm, 
York,  recently  announced  a  mercury- 
vapor  rectifier  known  as  the  575-A. 
Similar  in  design  to  the  869-A.  it  has 


.  .  .  fitted  to  the  job 


POSITIVE 

PROTECTION 


I  TSSm-AaEPTEP 


BY  LEADING  SOUND  MEN  and 
BROADCASTING  STATIONS 


Amplifier  costs — parasitic  and  tube  noises  are  reduced  by  the 
high  sensitivity  of  the  new  LIFETIME  (moving  coil) 
DYNAMIC  MICROPHONE. 

Numerous  features  such  as  lack  of  background  noise — freedom 
from  inductive  pickup— high  sensitivity — sturdy  construction — 
amazingly  low  price — are  turning  the  trend  to  LIFETIME 
DYNAMIC  MICROPHONES. 

Send  today  for  complete  data  on  America’a  OUTSTANDING 
VALUES  in  microphones  and  Sound  Equipment. 


THE  LIFETIME  CORP.,  1000  Madison.  TOLEDO.  OHIO 


FOR  BETTER  SERVICE 
ON  INSUUTING  MATERIAL 


The  resources  of  the  Formica  Insulation  Company  for  providin9 
high  quality,  uniform,  laminated  insulating  parts  include:  One  of  the 
largest  manufacturing  plants  in  the  industry.  One  of  the  largest 
and  most  varied  equipments  of  fabricating  machinery.  A  well 
manned  and  equipped  laboratory  which  has  consistently ,  kept 
Formica  abreast  of  the  art,  and  developed  many  new  qualities 
and  features  that  are  available  only  in  Formica.  A  location  near 
the  center  of  industry  where  quick  shipment  to  most  plants  is 
possible.  For  quality  and  service,  try  Formica.  Send  us  your 
blue  prints  on  parts  or  your  inquiries  for  sheets,  tubes  and  rods. 

THE  FORMICA  INSULATION  COMPANY 

4638  Spring  Grove  Avenue  •  •  •  Cincinnati,  Ohio 


ORMI^ 
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WIDE-R&NGE 


Portable  Volt-wattmeter 

A  NEW  COMBINATION  volt-wattmeter  of 
the  Type  AP-9  series  of  portable  in¬ 
struments,  consisting  of  a  voltmeter 
and  a  wattmeter  fitted  into  a  standard 
AP-9  case,  has  been  announced  by  the 


Now — 


a  high-powered- 


RADIO 

ENGINEERING 

LIBRARY 


TYPE  CR.4  BEAT  FREQUENCY 
AUDIO  OSCILLATOR— Price 


•  Portable,  A.C.  Operated. 

•10  cps  to  20,000  cps. 

•  Reed  for  Calibration  Check. 

•  High  and  Low  Impedance  Outputs. 

•  Direct  Reading  Dial.  Accuracy  2%. 

•  Low  Hum  and  Distortion. 

•  High  Output;  30  volts  Max. 

•Drift  after  warmup  Negligible. 

Writ*  for  Catalos 

UNITED  SOUND  EN6INEERIN6  CO, 

Manafaclnrert  of  Eloctrooic  Equipment 
2235  University  Ave. — St.  Paul,  Minn. 


—  especially  selected  by  radio  specialists  ol 
McGraw-Hill  publications 

—  to  give  most  complete,  dependable  cov¬ 
erage  of  facts  need^  by  all  whose  fields 
are  grounded  on  radio  fundamentals 

—  avrilable  at  a  special  price  and  tcrim 


Gieneral  Electric  Company.  Either 
rating  may  be  used  by  throwing  a 
switch  located  on  the  top  of  the 
instrument. 

The  instrument  has  an  over-all  ac¬ 
curacy  of  i  of  one  per  cent  of  full- 
scale  value.  As  with  other  Type  AP-9 
instruments,  the  new  volt-wattmeter 
has  magnetic  damping,  the  new  Perma- 
loy  moving  vane,  and  is  shielded  from 
stray  magnetic  fields.  The  case  is  of 
Textolite.  ! 


These  books  cover  circuit  phenomena,  lul* 
theory,  networks,  measurements,  aixl  other 
subjects — give  specisiised  treatment  of  ill 
fields  of  practical  design  anri  apidieatinn 
They  are  books  of  recognizeri  position  in  the 
literature — books  you  will  refer  to  and  he 
referred  to  often.  If  you  are  a  resean-her 
or  experimenter — If  your  interest  in  r:nlio  ii 
deep-set  and  based  on  a  real  desire  to  to 
further  In  this  field — you  want  tliese  lionki 
for  the  help  they  give  in  liumlreds  of  proh 
iems  tlirougliout  the  wlioie  tleld  of  radio 
engineering. 


5  volumes,  2981  pof’es,  2000  illuUraliom 

1.  Everitt’s  COMMUNICATION 

ENGINEERING 

2.  Terman’s  RADIO  ENGINEERING 

3.  Chaffee’s  THEORY  OF 

THERMIONIC  VACUUM  T T  BES 

4.  Hund’s  HIGH-FREQUENCY 

MEASUREMENTS 

5.  Henney’s  RADIO  ENGINEERING 

HANDBOOK 


Micromax 

Marking  the  25th  year  since  Leeds 
and  Northrup,  4934  Stenton  Avenue, 
Philadelphia,  Pennsylvania,  originated 


Special  Low  Price  and  Easy  I  cum 


Itouglit  singly,  the  five  volumes  eomiiriiiiiif 
tills  lllirary  would  cost  you  $20.00  I’ndT 
tills  offer  you  save  $2.50  and.  in  additio" 
have  the  privilege  of  paying  in  eas\  instill 
iiieiits  lieginning  with  $2. .50.  10  «lavs  ifitt 
receipt  of  the  liotiks.  atd  $.'1.00  montlilv  thrr*- 
after.  Already  these  books  at-  recognized  u 
standard  works  that  you  are  iKiiind  to  requirt 
sooner  or  Inter.  Take  advantage  of  tli'-seroii 
veiiient  terms  to  nild  them  to  your  lihr  ry  now 


Microphones 

The  8  exclusive  fea¬ 
tures  built  into  Shure 
“ULTRA  ”  Micro¬ 
phones  mean  just 
one  thing  —  SUPERB 
MICROPHONE 
PERFORMANCE  — 
thrilling  life-like  re¬ 
production  —  depend¬ 
able  24-bour-a-day  ser¬ 
vice — ati  low  cost. 

Make  your  own  tests 
-satisfy  yourself  now 
that  Shure  “ULTRA” 
is  the  Best  Micro¬ 
phone  Buy! 


the  recording  potentiometer  pyrometer, 
this  company  makes  available  the  sil¬ 
ver  anniversary  Micromax  recorder.  It 
provides  in  one  instrument  all  combina¬ 
tions  of  indicating,  recording,  signal¬ 
ling  and  controlling.  Catalog  N-33A 
describes  it. 


Available  in  Swivel. 
•■Grille-Type”  and 
Spherical  model!. 
Ust  Price  each  mod¬ 
el,  complete  with 
cable,  $25. 

Write  for  Bulletin 
140M  todmyl 
Licensed  under 
patents  of  the 
Brush  Development 
Company.  Bhure 
patents  pending. 


SEND)  THIS  ON-AI*PROVAL  COl  l*OX 
MrCiraw-Hill  Itook  Co.,  Inc. 

SSO  W.  43nd  St.,  New  York.  N.  Y 
Send  me  lladio  Enilneerini  library  5  v  ‘i*  .  f°f 
10  days'  examination  on  approval.  In  10  days  ■ 
will  send  $2.50,  plus  few  cents  posts.-.  SM 
$.1.60  montlilv  till  $23.50  Is  paid,  or  retu.-i  t>00“ 
postpaid.  (We  pay  postate  on  orders  i«o»- 
panled  by  remittance  of  first  Installmi-i  ) 


Volume  Control 

A  METALLIZED  type  volume  control  with 
multi-finger,  silver-plated  contacts  high 
stability,  has  been  announced  by  Inter¬ 
national  Resistance  Company,  Phila¬ 
delphia,  Pennsylvania.  It  is  known  as 
Type  C,  and  a  detailed  description  from 
the  manufacturer  points  out  its  special 
virtues  for  use  by  the  radio  and  sound 
industries. 


Name 


FREEl  Nett  Microphone  Applications  Chart. 
Writa  for  yoar  copy  of  Chart  227M  note. 


Position 


Company 


(Hooks  sent  on  approval  in  U.  S. 
Canada  only). 
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SMALLEST 

'/3-WATT 

RESISTOR 


ALLEN-BRADLEY 

RADIO  RESISTORS 


SPACE  SAVING 

Clearance  must  be  provided 
around  resistors  to  prevent 
grounding  or  short  circuiting. 


Easily  Mounted  in  Small  Sets 
Cuts  Your  Chassis  Assembly  Cost 

The  new  Allen-Bradley  Type  Another  novel  feature  is  the 

E  solid  molded  resistor,  with  indexed  carton  which  holds 
straight  line  leads,  is  the  500  resistors  in  neat  and  con> 
smallest  Vs- watt  resistor  on  venient  order  for  the  assem* 
the  market!  bly  line.  The  resistor  leads 

It  is  so  tiny  that  it  can  be  are  always  straight — there  is 

tucked  into  the  smallest  un-  no  tangling — no  fumbling — 

der'chassis  spaces,  but  elec-  no  delays.  A  quick  inventory 

trical  and  mechanical  safety  of  resistors  can  be  noted  from 

factors  are  as  high  as  ever.  the  graduated  scale  on  the 
Specially  tempered  leads  carton.  The  color-coding  is 
eliminate  sharp  bends  that  visible  in  all  positions, 
cause  lead  breakage.  The  Modernize  your  produc- 
absence  of  exter¬ 
nally  connected 
leads  further  re¬ 
duces  the  overall 
size  of  the  type 
E  resistor  unit. 


A  carton  of  500  Alien-Brad- 
ley  Molded  Resistors,  ready 
for  the  assembly  line. 


Allen-Bradley  Company 


Milwaukee,  Wis. 


110  W.  Greenfield  Ave. 


Old  style  resist* 
ors,  with  leads  at¬ 
tached  radially 
to  ends  of  resist- 


•  E.  resistors, 
withicads  attached 
longitudinally  to 
the  center  of  the 
resistor,  cannot 
swing  out  of  line 
and  cause  acciden¬ 
tal  grounding  or 
short  circuits.  No 
specia I  care  is 
needed  in  plac¬ 
ing  the  resistor. 


circle.  Special 
care  must  be 
taken  when  sol¬ 
dering  to  insull 


Standardize  on  Type 
J  Bradleyometers— 
madeuiithor  tvithoiU 
line  switch — for  vo(- 
ume  and  tone  control. 
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“Flexidons” 

A  NEW  ELECTROLYTIC  Condenser  design 
announced  by  the  Tobe  Deutschmann 
Corporation,  Canton,  Mass.,  features 
unit  or  “Flexidon”  construction  which 
permits  the  removal  of  any  single  sec¬ 
tion  of  a  multiple  section  condenser  in 
case  of  failure.  Obviously,  the  rest  of 
the  condenser  is  salvaged,  with  result¬ 
ing  replacement  economy.  Individual 
sections  have  separate  positive  and 
negative  leads.  Made  in  the  usual  ca¬ 
pacities  up  to  and  including  16  micro¬ 
farads.  A  companion  item,  the  replace¬ 
ment  section,  is  known  as  the  “Unidon”. 


Hearing  Aids 

A  SMALL  PORTABLE  battery  operated 
hearing  aid  device,  suitable  for  office 
and  desk  use  has  been  developed  by  Dr. 
Christian  A.  Volf.  This  executive 
transmitter  will  be  sold  by  Dictograph 
Products  Corporation,  580  Fifth  Av¬ 
enue,  New  York  City. 

This  device  consists  of  a  microphone 
encased  in  a  hemispherical  cup  which 


Announcing 

THE  SIGMA 
SENSITIVE  RELAY 


Plugs  and  Receptacles 

A  NEW  SERIES  of  20  ampere  units  de¬ 
signed  for  multiple  circuits  of  from  4 
to  16  holes,  250  volts  d-c,  460  volts  a-c, 


Jewelled  movement. 

Balanced  to  operate  in  any  position. 
Positive  operation  on  4  milliwatts,  D.  C. 
Single  pole,  double  throw. 

Mounts  in  standard  5-prong  tube  socket. 
A  useful  adjunct  to 
V.  T.  controls 

Supervisory  and  alarm  circuits 
Signalling. 

SIGMA  INSTRUMENTS, 

INC. 

388  Trapelo  Road,  BELMONT,  MASS. 


faces  directly  into  a  highly  polished 
pewter  sound  concentrator,  a  batterj’ 
with  a  mechanical  amplifier,  a  rheo¬ 
stat  to  control  the  volume,  and  a  volt¬ 
meter  to  test  the  battery.  These  parts 
are  assembled  in  various  attractive 
modern  cases  made  of  aluminum,  bake- 
lite,  and  mahogany. 

Owing  to  larger  acoustical  cavities, 
the  tone  qualities  of  this  transmitter 
have  been  greatly  improved  over  the 
ordinary  hearing  aid  microphone.  Due 
to  the  sound  concentrator,  the  pick  up 
range  of  this  microphone  is  very  re¬ 
markable,  making  a  whisper  audible 
at  200  feet.  Furthermore,  it  has  some 
directional  effects;  thereby  making  it 
possible  to  reduce  unpleasant  noises 
coming  in  from  open  windows.  Unlike 
the  electron  tube  amplifiers  which  gen¬ 
erally  need  an  outside  source  of  elec¬ 
trical  power  supply,  the  executive 
transmitter  is  entirely  self-contained 
making'  it  so  portable  that  it  can  be 
used  with  equal  readiness  in  the  thea¬ 
tre,  home,  ofl^e  or  on  picnics. 


.00001  Ohm  to  II  Megohms 

SHALLCROSS 

HI-LO  RESISTANCE  BRIDGE 


is  available  from  Pyle-National  Com¬ 
pany,  1334  North  Kostner  Avenue, 
Chicago,  Illinois.  Bulletin  198  describes 
and  lists  these  devices  which  are 
adapted  to  remote  control  circuits, 
thermo-couple  connections,  sound  equip¬ 
ment  and  other  portable  apparatus. 


A  direct  reading  instrument  for  the 
measurement  of  low  resistances  en¬ 
countered  in  mechanical  joints,  coil 
windings  and  armature  windings, 
as  well  as  all  other  resistance  of  any 
character  within  the  range  of  the 
bridge. 


Trumpets 

Atlas  Sound  Corporation,  1451  39th. 
Street,  Brooklyn,  have  added  to  their 
line  of  production  an  inexpensive  driver 


Switches 

Centralab,  900  East  Keefe  Avenue, 
Milwaukee,  Wisconsin,  has  develciued  » 
new  switching  device  for  use  in  radio 
circuits  where  a  low  loss,  low  capacity 
multi-section  switch  is  required.  This 
switch  incorporating  a  true  Isol.mtite 
base,  to  which  are  attached  sturdy, 
double-bite  clips  with  low  contact  re¬ 
sistance  and  free  from  all  looser  ss  or 
rocking,  is  available  in  a  multipli«  ity  of 
designs. 

The  wax  impregnated  Isolantit,  base, 
incorporating  material  with  an  c  vceed- 
ingly  low  loss  factor,  will  find  great 
usefulness  in  any  high  frequei  cy 
ultra  high  frequency  switching  circuit 
where  excessive  losses  become  the  con¬ 
trolling  factor  in  design. 


Combines  in  one  instrument  a  stand¬ 
ard  Kelvin  Bridge  and  a  standard 
Wheatstone  Bridge  for  measuring 
resistances  from  0.00001  ohm  to  11 
megohms. 


Send  for  Bulletin  SZl-KA 
describing  this  instrument. 


SHALLCROSS  MFG.  CO 

COLLI  NGDALE,  PA. 
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GENERAL  CERAMICS  COMPANY 

RCA  BUILDING,  NEW  YORK 


Marketing  Agents 

DIELECTRIC  PRODUCTS  CORPORATION 
24  5  CUSTER  AVENUE,  JERSEY  CITY,  N  J. 
174  NORTH  WACKER  DRIVE.  CHICAGO,  ILL. 


solution  of  the  problem  of  Steatite 
manufacture  at  high  doily  output  and 
reasonable  price  has  been  found  by 
General  Ceramics.  Steatite  by  General 
Ceramics  now  flows  along  the  production 
lines  of  the  largest  manufacturers  like  any 
other  article  produced  in  the  modern  order 
of  moss  fabrication.  This  accomplishment 
takes  highest  honors  for  ceramic  achieve¬ 
ment  in  1936. 

If  a  direct  buyer  of  R.  F.  ceramics,  you 
should  know  more  about  General  Ceramics 
Steatite.  If  a  buyer  of  articles  incorporating 
ceramics  you  should  insist  that  your  supplier 
investigate  it.  General  Ceramics  Steatite 
will  cut  your  costs,  reduce  failures,  promote 
electrical  performance  and  aid  you  in  many 
ways.  General  Ceramics  Steatite  is  a  tough, 
strong,  non-hygroscopic  body,  low  in  loss. 
Get  the  facts  on  General  Ceramics  Steatite. 


i 


f  ■ 
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Sweep  Oscillator 

The  Clough  Brengle  Model  OM-A 
frequency  modulated  r-f  signal  gen¬ 
erator  employs  a  new  sweep  principle. 
In  place  of  complicated  moving  parts 
or  involved  tube  circuits  with  conse¬ 
quent  instability,  the  “Inductor  Sweep” 
simply  employs  a  small  copper  vane 
which  is  rotated  in  the  magnetic  field 
of  the  oscillator  coil.  As  this  vane  ro¬ 
tates,  it  causes  v  e  inductance  of  the 
coil  to  vary  sufficiently  to  cause  a  plus 
and  minus  20  kc.  “wobble”  of  the  os¬ 
cillator  output  frequency.  Rotation  is 


Level  Indicator 

A  NEW  sound  level  indicator  has  been 
announced  by  the  Industrial  Apparatus 
Co.,  of  720  N.  Wabash  Ave.,  Chicago, 
Ill.  It  is  designed  to  measure  sound 
levels  exactly  as  heard  by  the  human 
ear.  The  user  can  quickly  secure  ac¬ 
curate  data  on  sound  and  noise  levels. 


Production  Machine 

The  Flexopress  model  400  made  by 
Flexo  Machines,  2226  N.  Racine  Av¬ 
enue,  Chicago,  Illinois,  has  two  applica¬ 
tions  in  the  radio  manufacturing  indus¬ 
try.  The  first  is  the  high  speed 
automatic  cutting  of  production  mate¬ 
rials  to  uniform  length  up  to  9  inches. 
Wire,  insulation,  spaghetti,  tape,  cloth, 
paper  and  light  metal,  can  be  cut  off  at 
speeds  up  to  80,000  strokes  per  hour. 
The  second  application  is  the  stamping 
of  small  light  parts,  such  as  clips,  con¬ 
nectors,  plugs,  spacers,  etc.  The  opera¬ 
tion  of  the  machine  is  entirely 
automatic. 


Speech  Input 

Remler  Company,  Ltd.,  San  Francisco, 

California,  announces  a  moderately 
priced  speech  input  system  specially 
engineer^  to  meet  individual  station  ' 

requirements.  This  70-A  system  is  a-c 
operated,  meets  the  FCC  requirements, 

may  be  used  with  dynamic,  velocity,  secured  by  a  synchronous  motor,  oper- 
crystal  condenser  microphones.  Single  ating  at  what  is  practically  zero  load, 
and  double  channel  systems  are  avail-  It  uses  metal  tubes  throughout.  The 
able.  Indicator  lamps  associated  with  principle  involved  is  also  employed  in 
each  control  indicate  the  channel  used.  the  Model  81- A  frequency  modulator 
A  six-position  mixer  and  control  turret  which  converts  any  test  oscillator  for 
is  provided  with  key  switches  to  place  oscillograph  use.  Clough  Brengle  Com- 
any  mixer  position,  the  volume  indi-  pany,  1134  West  Austin  Avenue, 
cator  and  output  line  on  either  channel.  Chicago,  Illinois. 


thereby  reducing  testing  and  manu¬ 
facturing  costs.  Since  accurate  read¬ 
ings  can  be  quickly  secured,  manufac¬ 
turers  can  test  their  production  for 
uniform  noise  levels.  The  unit  is  es¬ 
pecially  valuable  to  the  design  engineer 
in  noise  level  reduction  work. 

The  model  300  sound  level  indicator 
consists  of  a  calibrated  crystal  type 
microphone,  an  audio  frequency  ampli¬ 
fier  with  the  new  all  metal  tubes,  a 
calibrated  attenuator,  an  ear'  weighing 
network,  a  decibel  meter  and  a  crystal 
type  headset.  The  range  is  from  thirty 
to  ninety  decibels  A.S.A.  standard.  Al¬ 
though  designed  for  a-c  operation,  bat¬ 
teries  may  be  used. 


Crygtal  Microphone 

The  Astatic  Microphone  Laboratory, 
Inc.,  of  Youngstown,  Ohio,  has  devel¬ 
oped  a  new  single  diaphragm  crystal 
microphone,  known  as  Model  218,  that 
is  especially  designed  for  effective 
pickup  where  the  microphone  is  to  be 


Wherever  a  high-quality  power  supply 
is  needed  PIONEER  “Silver-Band” 
DYNAMOTORS  can  be  depended  on 
to  give  consistent,  uniform  service. 
They  are  your  guarantee  of  lasting  sat¬ 
isfaction,  dependability  and  operating 
economy.  Certain  types  of  PIONEER 
“SUver-Band”  DYNAMOTORS  are 
specified  by  Bell  Telephone  Laboratories 
for  use  with  products  of  the  Western 
Electric  Company. 

PIONEER  GEN-E-MOTOR 

CORPORATION 
468  A  West  Siperior  St.,  Ckieago,  III. 


Used  with  Equipment 
Manufactured  by 

WESTERN  ELECTRIC 
COMPANY 


concealed  or  hidden.  The  interior  as¬ 
sembly  is  cushion  mounted,  permitting 
use  under  adverse  conditions  of  vibra¬ 
tion.  It  is  so  designed  that  a  long  c  iblo 
may  be  used  without  serious  loss  of  >ut- 
put.  It  has  a  wide  angle  uni-direc¬ 
tional  pickup  with  an  output  levei  of 
approximately  — 56  D.B.  using  a  5.0 
meg.  load.  Net  weight  is  3i  ounc-.‘3— 
is  2h"  in  diameter  by  i"  thick — witk 
flat  back,  domed  screen  front  and  prO" 
vided  with  spring  clip  for  attachnt.ent 


Other  Pioieer  Predicts 

Rotary  Converters ;  Gen- 
E-Motors;  Gasoline  Elec¬ 
tric  Power  Plants,  AC  or 
DC,  from  6  to  110  Volts 
and  150  to  1500  Watts. 


September  i 936  —  ELECTRONICS 


